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Chapter I is the state of the art of the Late Triassic chronology. In this part I present 
the chronostratigraphic organization of the Late Triassic, the history of the Stages 
&DUQLDQ1RULDQDQG5KDHWLDQDGHWDLOHGH[SODQDWLRQRIWKHODVWRSWLRQVRI/DWH
Triassic geochronology, and the aim of my research.
Chapter II represents an introduction to the concepts of paleomagnetism 
(geomagnetism, magnetic properties of materials, etc.) and to the methods of 
analysis (instruments, techniques, evaluation of data reliability, etc.).
I present the geological setting of the investigated areas in Chapter III, focused 
mainly on the Late Triassic, and a brief introduction to the stratigraphic sections 
studied for magnetostratigraphy.
Chapter IV is the discussion of the paleomagnetic data obtained during my PhD. 
I subdivided the chapter by the considered time intervals: Rhaetian and Carnian 
Stages. Within these subchapters, I report the results for each Tethyan marine 
section investigated, with the detailed description of litho- and biostratigraphy, 
the paleomagnetic data and their interpretation, and the discussion about the 
magnetostratigraphic correlations here proposed.
In Chapter V, I propose an updated Geomagnetic Polarity Time Scale (GPTS) for 
the Late Triassic, based on literature and on the magnetostratigraphic correlations 
between Tethyan marine sections and the Newark APTS presented in Chapter IV. In 
this Chapter, I propose new ages for the Stage boundaries derived from the GPTS.
Chapter VI is the conclusive part of the thesis. It includes a part regarding the 
magnetostratigraphy of the studied Tethyan marine sections, subdivided as Chapter 




Chronology of Late Triassic (last Epoch of Triassic Period) is still a debated 
question. Late Triassic is constrained by two U/Pb ages, one near the Ladinian/
Carnian boundary (237.773±0.052 Ma; Alpe di Siusi/Seiser Alm, Italy) and the 
other at the Rhaetian/Hettangian boundary (201.36±0.17 Ma; Levanto, Peru). 
Unfortunately, any radiometric age constraints the Stage boundaries of Late 
Triassic. Many attempts to assign an age to the Stages have been made during the 
last 20 years, correlating marine sections (usually from Tethys) with the Newark 
Astrochronological Polarity Time Scale (Newark APTS). The ages obtained was 
sometimes very different, in particular for the Rhaetian, with a duration that varied 
from ~2 My to ~9 My depending from the correlation performed with the APTS. 
The options proposed in the Geological Time Scale 2012 introduced two different 
ages for both Rhaetian (~205.4 Ma and ~209 Ma) and Norian (~221 Ma and ~228 
Ma). The Norian age of ~228 Ma seems coherent with many other correlations 
between marine sections and the APTS. In an effort to help resolving the issues of 
the Late Triassic chronology, selected Tethyan marine sections, characterized by a 
detailed biostratigraphy, have been analyzed for paleomagnetism. The investigation 
are focused on two main intervals: the Rhaetian and the Carnian. The Rhaetian have 
been chosen for the reasons explained before (confused chronology), the Carnian 
because the few magnetostratigraphic data covering this interval, in particular its 
middle part, must be integrated to obtain a continuous magnetostratigraphy of this 
Stage. The chosen sections are: Pignola-Abriola, Mount Messapion and the ODP 
Leg 122-Hole 761C for the Rhaetian; Pignola-2, Dibona, and ODP Leg 122-Holes 
759B/760B for the Carnian. The magnetostratigraphy of these sections have been 
integrated with the data from other Tethyan sections in literature, obtaining a 
continuous magnetostratigraphy spanning the entire Late Triassic. This composite 
magnetostratigraphy of Tethyan section has been time-calibrated using the Newark 
APTS, linked to the composite through the statistical correlations with Pignola-2, 
Pizzo Mondello, and Pignola-Abriola. The so obtained Geomagnetic Polarity 
Time Scale (GPTS) has been used to assign an age to the events calibrated to the 
PDJQHWRVWUDWLJUDSK\RIWKH/DWH7ULDVVLFOLNHWKHELRHYHQWVGH¿QLQJWKH6WDJHDQG
substage boundaries, or climatic events as the Carnian Pluvial Event.
IX
RIASSUNTO
La cronologia del Triassico Superiore (l’ultima Epoca del Periodo Triassico) 
è attualmente materia di dibattito. Il Triassico Superiore e vincolato da due età 
radiometriche U/Pb, una in prossimità del limite Ladinico/Carnico (237.773±0.052 
Ma; Alpe di Siusi/Seiser Alm, Italia) e l’altra al limite Retico/Hettangiano 
(201.36±0.17 Ma; Levanto, Perù). Purtroppo, nessuna altra età radiometrica vincola 
direttamente gli altri Piani del Triassico Superiore. Negli ultimi 20 anni sono stati 
fatti numerosi tentativi di assegnare delle età ai Piani, correlando sezioni marine 
(solitamente della Tetide) con il Newark Astrochronological Polarity Time Scale 
(APTS). Le età ottenute sono state talvolta molto diverse, in particolare per il 
Retico, con una durata variabile da ~2 My a ~9 My a seconda della correlazione 
con l’APTS. Le opzioni proposte nella Geologic Time Scale 2012 hanno proposto 
due età diverse sia per il Retico (~204.5 Ma e ~209 Ma) che per il Norico (~221 
Ma e ~228 Ma). L’età di ~228 Ma per il Norico sembra coerente con molte altre 
correlazioni tra sezioni marine e l’APTS. Nel tentativo di contribuire alla risoluzione 
dei problemi della cronologia del Triassico Superiore, sono state effettuate delle 
analisi paleomagnetiche su una serie di sezioni marine Tetidee caratterizzate 
GD XQD ELRVWUDWLJUD¿D GHWWDJOLDWD /H LQGDJLQL VRQR IRFDOL]]DWH VX GXH SULQFLSDOL
intervalli di tempo: il Retico e il Carnico. Il Retico è stato scelto per le ragioni 
spiegate precedentemente (cronologia confusa), il Carnico perché i pochi dati 
GLPDJQHWRVWUDWLJUD¿D LQ SDUWLFRODUH QHO&DUQLFRPHGLR GHYRQR HVVHUH LQWHJUDWL
per ottenere un record completo di questo Piano. Le sezioni scelte per le analisi 
sono: Pignola-Abriola (Italia), Monte Messapion (Grecia) e Leg 122-Hole 761C 
dell’ODP (Australia) per il Retico; Pignola-2 (Italia), Dibona (Italia) e Leg 122-
+ROH%%GHOO¶2'3$XVWUDOLDSHULO&DUQLFR,GDWLGLPDJQHWRVWUDWLJUD¿D
di queste sezioni sono stati integrati con dati da altre sezioni Tetidee in letteratura, 
RWWHQHQGR XQDPDJQHWRVWUDWLJUD¿D FRQWLQXD GHOO¶LQWHUR 7ULDVVLFR 6XSHULRUH 7DOH
composita è stata calibrata con la Newark APTS, usando come collegamento le 
correlazioni statistiche tra l’APTS e le sezioni di Pignola-2, Pizzo Mondello e 
Pignola-Abriola. La Scala-Tempo delle Polarità Geomagnetiche (Geomagnetic 
Polarity Time Scale – GPTS) così ottenuta è stata usata per assegnare un’età agli 
HYHQWLFDOLEUDWLFRQODPDJQHWRVWUDWLJUD¿DGHO7ULDVVLFR6XSHULRUHFRPHDGHVHPSLR
L ELRHYHQWL FKH GH¿QLVFRQR L OLPLWL GHL 3LDQL H GHL VRWWRSLDQL RSSXUH JOL HYHQWL
climatici come il Carnian Pluvial Event.
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Chapter I
STATE OF THE ART
1.1 LATE TRIASSIC
Late Triassic is the last Epoch of the Triassic Period. It lasted ~36 My and represents 
the 70% of the entire Triassic. It is subdivided in three Stages: Carnian, Norian and 
Rhaetian (as recognized by the Subcommission on Triassic Stratigraphy) (Fig. 1.1). 
The Carnian has been divided in two substages: Julian and Tuvalian, whereas the 
Norian has three substages: Lacian, Alaunian and Sevatian (Fig. 1.1).
Carnian, Norian and Rhaetian (and other Triassic Stages) have been originally 












HW DO  ELRVWUDWLJUDSKLFDOO\ FRQVWUDLQHG LQ XSSHU /DGLQLDQ “Anolcites” 
neumayiri“Frankites” regoledanus ammonoid subzones of Protrachyceras Zone). 
7KHXSSHU OLPLW RI WKH/DWH7ULDVVLF LV GH¿QHGE\W KH*663IRUW KHEDVHR IWKH
Jurassic System (Hettangian Stage) in the Kuhjoch section (Austria, Hillebrandt et 
DO7KHEDVHRI+HWWDQJLDQLVGDWHGDW0D83EIURPDVKEHGV








Here follows a detailed description of the Late Triassic Stages and their history.
1.1.1 Carnian
The Carnian was named after the Kärnten (Carinthia) region of Austria, or from the 
near Carnian Alps, and it was originally 
associated to the Hallstatt Limestone 
beds bearing Trachyceras and Tropites 
ammonoids (Mojsisovics, 1869). The base 
of the Carnian was traditionally associated 
with the FO of ammonoids Trachyceras 
(T. aon in Tethys or T. desatoyense in 
North America), although the presence of 
these ammonoids is asynchronous and not 
global (e.g. Mietto and Manfrin, 1999). 
%URJOLR/RULJDHW DO SURSRVHG WKH
levels recording the FAD of ammonoid 
Daxatina canadensisDWWKH3UDWLGL6WXRUHV
Stuores Wiesen locality (Dolomites, Italy) 
DVWKH*663RIWKH&DUQLDQWKHQUDWL¿HGLQ
0LHWWRHWDO2WKHUPDUNHUV
are the FO of conodont Paragondolella 
polygnathiformis and palynomorphs 
Patinasporites densus and Vallasporites 
ignacii 7KH &DUQLDQ *663 DW 3UDWL GL
Stuores is just above the base of a normal 
PDJQHWR]RQH6QLQ%URJOLR/RULJDHWDO
0LHWWRHWDODQGDPD[LPXP
ÀRRGLQJ VXUIDFH ZLWKLQ VHTXHQFH &DU
(sensu*LDQROODHWDODQDPHG/DG
in Hardenbol et al., 1998), recognized 
at least in Tethyan basins (Hardenbol et 
al., 1998). The Carnian Stage has been 
subdivided in three substages (Mojsisovics 
HW DO  &RUGHYROLDQ -XOLDQ DQG
Tuvalian. In recent times, the Cordevolian 
has been normally included as lower 




Julian. The boundary between Julian and Tuvalian is usually placed with the FO 
of ammonoids Tropites (T. subullatus in Tethys, T. dilleri in North America) (Fig. 




turnover (Schlager and Schöllnberger, 1974), or Middle Carnian Wet Intermezzo 
.R]XUDQG%DFKPDQQ7KHGHFUHDVHLQFDUERQDWLFIUDFWLRQLQWKHRFHDQLF
basins and the deposition of shales in restricted basins have been interpreted as a 
ULVHRIWKH&DOFLWH&RPSHQVDWLRQ'HSWK5LJRHWDO7KH&3(LVLQWHQGHG




The name Norian derives from the Roman province of Noria, including the area 
RI +DOOVWDWW $XVWULD ZKHUH 0RMVLVRYLFV  GH¿QHG WKH 6WDJH ZLWK VWUDWD
containing the ammonoid Pinacoceras metternichi. Originally, Mojsisovics 
considered the Norian as older than Carnian, but he recognized the error and change 
the name of Norian in Juvavian, and calling “Norian” the Hallstatt limestones below 
WKH&DUQLDQVWUDWD0RMVLVRYLFV7KLVFUHDWHGFRQIXVLRQDQG%LWWQHU
propose to maintain the orginal name Norian for the strata younger than Carnian 
and to refer to the older strata as Ladinian. 
In North America the beginning of the Stikinoceras kerri ammonoid Zone is 
FRQVLGHUHG FRHYDO WR WKH EDVH RI WKH 1RULDQ LQ 7HWK\V LV DSSUR[LPDWHG E\ WKH
*XHPEHOLWHVMDQGLDQXV=RQH)LJ7KH)2RIFRQRGRQWMetapolygnathusH[JU
M. echinatusDSSUR[LPDWHVWKHEDVHRIWKHS. kerri=RQH2UFKDUGDQGLVDOVR
DSSUR[LPDWHGZLWKWKH)2RIWKHELYDOYHVHalobia austriaca and Halobia beyrichi 





*663 FRUUHVSRQGV WR WKH OHYHO EHDULQJ WKH )$' RI FRQRGRQWMetapolygnathus 
echinatusDQGLVDSSUR[LPDWHGE\WKH)2RIELYDOYHHalobia austriaca. In Pizzo 
0RQGHOOR VHFWLRQ WKH1RULDQ EDVH LV DSSUR[LPDWHG DOVR E\ WKH/DVW2FFXUUHQFH
3
Halobia lenticularis%DOLQLHWDO3L]]R0RQGHOORVHFWLRQLVDFFRPSDQLHG




 VKLIW 1LFRUD HW DO 0XWWRQL HW DO 1RULDQ LV VXEGLYLGHG LQ
WKUHHVXEVWDJHV/DFLDQ$ODXQLDQDQG6HYDWLDQ7KH/DFLDQ$ODXQLDQERXQGDU\LV
XVXDOO\GH¿QHGZLWKWKHEDVHRIWKHCyrtopleurites bicrenatus ammonoid Zone in 
7HWK\V )LJ7KH$ODXQLDQ6HYDWLDQERXQGDU\FRUUHVSRQGV WR WKHEHJLQQLQJ
of the *QRPRKDORULWHV FRUGLOOHUDQXV ammonoid Zone in North America and 
Sagenites quinquepunctatus ammonoid Zone in Tethys (Fig. 1.1). The Sevatian 
FUHDWHVSUREOHPVLQGH¿QLQJWKHEDVHRIWKH5KDHWLDQ,Q7R]HUWKH5KDHWLDQ
was not recognized and the Sevatian included the ammonoid Zones traditionally 
attributed to Rhaetian (Choristoceras marshi and Ch. haueri Zones). In Krystyn 
HWDOEWKHDPPRQRLG=RQHVParacochloceras suessiSagenites reticulatus, 
usually referred to upper Sevatian (uppermost Norian), have been included in the 
Rhaetian, concurrent with the FO of conodont Misikella posthernsteini.
1.1.3 Rhaetian
7KH5KDHWLDQ6WDJHKDVEHHQGH¿QHG¿UVWWLPHE\YRQ*PEHODV³5KlWLVFKH
*HELOGH´ZLWKWKH¿UVWRFFXUUHQFHRIELYDOYHRhaetavicula contorta in the Kössen 
%HGV $XVWULD7KH QDPH FRPHV ERWK IURP WKH5KlWLVFKH$OSV DQG WKH5RPDQ
province of Rhaetium. The Rhaetian was included as the last Stage of the Late 
7ULDVVLFE\0RMVLVRYLFVHWDOGH¿QHGDVAvicula contorta Zone. 
6LQFH WKHQ WKH 5KDHWLDQ KDV EHHQ UHFRJQL]HG DV D 6WDJH HJ 3HDUVRQ 
$JHUFRQVLGHUHGDVXEVWDJHRIWKH1RULDQHJ7R]HU6LOEHUOLQJDQG
7R]HU =DSIH 3DOPHU  RU WKH¿UVW 6WDJH RI WKH -XUDVVLF ZLWK
WKH QDPHRI%DYDULDQ6ODYLQ  +RZHYHUPRVW RI WKH VSHFLDOLVWV LQ
7ULDVVLFVWUDWLJUDSK\HJ.R]XUDQG0RFN*D]GLFNLHWDO.U\VW\Q
1980, 1990) considered the Rhaetian a Stage of the Late Triassic. In Zapfe (1983) 
LVSUHVHQWHGWKHODVWUHSRUWRIWKH,QWHUQDWLRQDO*HRVFLHQFH3URJUDPPH,*&3
in which the Rhaetian is formally included in the Triassic timescale, but only for 
WKH7HWK\DQUHDOP2QO\LQWKH5KDHWLDQZDVRI¿FLDOO\FRQVLGHUHGD6WDJHE\
the Subcommission on Triassic Stratigraphy (STS). Although the Rhaetian is now 
ZLGHO\DFFHSWHGLWODFNVRIDIRUPDOPDUNHUGH¿QLQJLWVEDVH.R]XUSODFH
WKHEDVHRIWKH5KDHWLDQZLWKWKH¿UVWDSSHDUDQFH)$'RIWKHFRQRGRQWMisikella 
posthernsteini, well distributed in the Tethys but rare in the western margin of 
Pangea (i.e. North America). The FAD of M. posthernsteini is considered almost 
4
coeval with the Proparvicingula moniliformisUDGLRODULDQ=RQHHJ.R]XU
*LRUGDQRHWDO5LJRHWDO)ROORZLQJWKLVODVWFRUUHODWLRQEHWZHHQ
conodonts and radiolarians, the FAD of M. posthernsteini in North America is 
\RXQJHUWKDQLQ7HWK\VDQGWKH1RULDQ5KDHWLDQERXQGDU\LVDSSUR[LPDWHGE\WKH
FAD of the conodont Epigondolella mosheri morphotype A (Carter and Orchard, 
5HFHQWO\WKH7DVN*URXSIRU5KDHWLDQ6WDJHSODFHGWKHEDVHRIWKH5KDHWLDQ
with the First Occurrence (FO) of M. posthersteini.U\VW\QDOVRVXJJHVWLQJ
WKHIROORZLQJVHFRQGDU\PDUNHUV
x the FO of the ammonoid Paracochloceras suessi and genus Cochloceras
(Fig. 1.1)
x the Last Occurrence (LO) of ammonoid genus Metasibirites (Fig. 1.1)
x the FO of conodont E. mosheri morphotype A
x the FO of the radiolarian P. moniliformis and the beginning of the P.
moniliformis Zone
x the LO of large Monotis ELYDOYHV H[FHSW IRU WKH GZDUI VSHFLHV RQO\ LQ
7HWK\V0F5REHUWVHWDO
x just below a prominent change of magnetic polarity after a long prominent
normal magnetozone to a thinner reversal (as seen in many sections of
Tethys).
Although ammonoid biostratigraphy is still considered one of the best tool for 
KLJKUHVROXWLRQJHRFKURQRORJ\DQGFRUUHODWLRQVLQWKH7ULDVVLF%DOLQLHWDO
Norian and Rhaetian ammonoids are documented mostly locally. Conodonts and 
radiolarians are instead more common and normally used for correlations and 






of condensed limestone with conodonts, ammonoids and bivalves. The section was 
QDPHG67.$WRGLIIHUHQWLDWHLWWRWKHSDUDOOHOVHFWLRQ67.%&,Q6WHLQEHUJNRJHO
WKUHHSRVVLEOHPDUNHUVKDYHEHHQSURSRVHG)2RIMisikella hernsteini (Krystyn 
HWDODEFRUUHVSRQGLQJ WR WKH)2RIMockina mosheri morphotype 
A and close to the FO of ammonoids Tragorhacorecas and Rhaetites )$' RI
Misikella posthernsteini .U\VW\Q HW DO D E FRHYDO WR WKH EDVH RI
Proparvicingula moniliformis radiolarian Zone and the FO of Paracochloceras 
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suessi)$'RIDPPRQRLGVandaites .U\VW\QHWDOELQDVVRFLDWLRQZLWK)2




limestones with conodonts, radiolarians and bivalves. The section is accompanied 







VSLNHaÅRFFXUULQJaPEHORZWKH)$'RIMisikella posthernsteini and the 
beginning of Proparvicingula moniliformis radiolarian Zone.
1.2 LATE TRIASSIC GEOCHRONOLOGY
7KH/DWH7ULDVVLF LV FKURQRORJLFDOO\ FRQVWUDLQHG DW LWV ORZHU /DGLQLDQ&DUQLDQ
DQG XSSHU ERXQGDU\ 5KDHWLDQ+HWWDQJLDQ ,Q XSSHUPRVW /DGLQLDQ D 83E DJH
RI  0D 0LHWWR HW DO  ZDV REWDLQHG IURP DQ DVKEHG LQ
5LR 1LJUD VHFWLRQ $OSH GL 6LXVL6HLVHU $OP ELRVWUDWLJUDSKLFDOO\ FRQVWUDLQHG
in upper Longobardian (Protrachyceras ammonoid Zone, “Anolcites” 
neumayri“Frankites” regoledanus subzones), the last substage of the Ladinian. 
8VLQJWKLVFKURQRVWUDWLJUDSKLFGDWD0LHWWRHWDODSSUR[LPDWHGWKHDJHRI





Peru). This age has been recalculated using new tracer calibration by Wotzlaw et al. 
REWDLQLQJDQDJHIRUWKH5KDHWLDQ+HWWDQJLDQERXQGDU\RI0D




etc.) have been provided for those sections characterized by clear biostratigraphic 
PDUNHUV RI WKH 6WDJH ERXQGDULHV ZLWK WKH RQO\ H[FHSWLRQ RI WKH 83E DJH RI
0D REWDLQHG IURP WKH$JOLDQLFR DVKEHG LQ WKH 3LJQROD VHFWLRQ
,WDO\)XULQHWDO+HQFHWKHUHZHUHQRSRVVLELOLWLHVWRWLPHFDOLEUDWH6WDJHV




1.2.1 The Newark Astrochronological Polarity Time Scale (Newark APTS)
7KH1HZDUN6XSHUJURXSLVDFRQWLQHQWDOVHGLPHQWDU\YROFDQLFVHTXHQFHGHSRVLWHG
GXULQJ WKH/DWH7ULDVVLFHDUOLHVW -XUDVVLF &RUQHWDQG2OVHQ LQD VHULHVRI
rift basins in eastern North America, originated during the initial rift of Pangea. 
7KH1HZDUNVHGLPHQWDU\VHTXHQFHLVSDUWLDOO\H[SRVHGDQGPRVWRIWKHVHTXHQFH
FRPHV IURP D VHULHV RI FRUHV GULOOHG LQ GLIIHUHQW SDUW RI WKH1HZDUN%DVLQ WKH
PRVW H[WHQGHG ULIW EDVLQ RI WKH 1HZDUN 6XSHUJURXS 7KH /DWH 7ULDVVLF SRUWLRQ
LV UHSUHVHQWHG E\ ODFXVWULQHDOOXYLDO VHGLPHQWV RUJDQL]HG LQ WKUHH IRUPDWLRQV
6WRFNWRQ)P/RFNDWRQJ)PDQG3DVVDLF)P2OVHQ2OVHQHWDO
)LJ  7KH 6WRFNWRQ )P LV GRPLQDWHG E\ ÀXYLDO VHTXHQFHV ZLWK EURZQLVK
DQG UHG FRQJORPHUDWHV DQG DUNRVHV SDVVLQJ WRPXGVWRQH LQ WKH XSSHU SDUW7KH
/RFNDWRQJ )P LV LQVWHDG W\SLFDO RI ODFXVWULQH HQYLURQPHQWZLWK SUHYDOHQW JUD\
mudstone. The Passaic Fm is characterized by red mudstone with sandstone and 
FRQJORPHUDWHLQGLFDWLQJD¿OOLQJRIWKHODFXVWULQHEDVLQ9DQ+RXWHQ
UHFRJQL]HGDKLHUDUFK\RIODFXVWULQHF\FOHVLQWKH/RFNDWRQJ)PDVFULELQJ
them to astronomical control of climate. Olsen (1986) recognized these cycles also 
LQ WKH3DVVDLF)P)RXU W\SHVRI F\FOHVKDYHEHHQ LGHQWL¿HG9DQ+RXWHQF\FOH
aN\USUHFHVVLRQF\FOHVKRUWPRGXODWLQJF\FOH0F/DXJKOLQF\FOHaN\U
eccentricity cycle), long modulating cycle. The McLaughlin cycles (McLaughlin, 

















outcrops of Witte et al. (1991). Later, Kent and Olsen (1999) and Olsen and Kent 
FRQVLGHUHGWKH(QUDVDPDJQHWR]RQHFKDQJLQJLWVQDPHLQ(U$VD
FRQVHTXHQFHWKHQRUPDOPDJQHWR]RQHDERYH(UZDVQDPHG(Q)LJ7KH
Figure 1.2: Newark Astrochronological Polarity Time Scale (APTS). From the left: formations and 












LV D *HRPDJQHWLF 3RODULW\ 7LPH 6FDOH *376 EXW WKH ELRVWUDWLJUDSKLFEDVHG
FKURQRVWUDWLJUDSK\ LV QRW FOHDUO\ GH¿QHG ,Q WKH 1HZDUN$376 SDO\QRPRUSKV
DVVHPEODJHVHJ&RUQHW)RZHOOHWDODUHWKHPDLQO\PDUNHUV
for the Stage boundaries, in association with conchostracans (Kozur and Weems, 
$JUHDWSUREOHPRISDO\QRPRUSKVLVSURYLQFLDOLVPDVDUJXHG




1HZDUN DUHD WURSLFDO DULG DQG WKH DOSLQH DQG FHQWUDO (XURSH WURSLFDO KXPLG
to temperate), at least for Norian and Rhaetian, also recalling the provincialism 
of Rhaetipollis germanicus W\SLFDORI5KDHWLDQ LQ(XURSHDQGH[WHQGHG WRHDUO\
&DUQLDQLQ6LEHULDOLNHO\FRUUHVSRQGLQJWRJHRJUDSKLF1RUWK3ROHLQ/DWH7ULDVVLF
HJ.R]XUDQG:HHPV$ERXWFRQFKRVWUDFDQVWKHGH¿QLWLRQRI6WDJHVEDVHG




1.2.2 Newark APTS vs. marine sections: solving the Late Triassic geochronology
7KHVHSUREOHPVUHVWULFWWKHGLUHFWXVHRIWKH1HZDUN$376DV*376VRVLQFH
many authors have attempted a correlation between marine sections (in which the 
FKURQRVWUDWLJUDSK\LVZHOOGH¿QHGE\IRVVLOVRURWKHUHYHQWVDQGWKH$3762EYLRXVO\
correlating a marine section with a continental section using biostratigraphy is a hard 
HQGHDYRULQSDUWLFXODULISDO\QRPRUSKVDUHH[FOXGHGEHFDXVHRIWKHLUSURYLQFLDOLW\$Q
easy way out is offered by the magnetostratigraphy, which potentially allows global 
correlations. However, the numerous attempts of magnetostratigraphic correlation 
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EHWZHHQPDULQHVHFWLRQVPRVWO\RI7HWK\DQUHDOPDQGWKH1HZDUN$376OHGWR




*DOOHW HW DO  DQG%ROFHNWDVL7HSH 7XUNH\*DOOHW HW DO  VHFWLRQV
This Tethyan composite, calibrated with conodonts, have been visually compared 
ZLWK WKH1HZDUN$376EXWDQ\FRUUHODWLRQZDVSHUIRUPHGIRUD ODFNLQJRISDUW
of the Alaunian magnetostratigraphy and for the condensation of the considered 
marine sections, which can also preclude the detection of small reversals, as stated 
































the Pizzo Mondello magnetostratigraphy along the entire APTS two magnetozones 
at time (to have always a comparison between magnetozones of the same polarity) 
DQG WDNLQJ LQWR DFFRXQW DOO WKH SRVVLEOH FRUUHODWLRQV7KLV NLQG RI FRUUHODWLRQ LV
based on the assumption that in a basin the sedimentation rate is almost stable, so 
WKHWKLFNQHVVRIWKHPDJQHWR]RQHVLVDSUR[\RIWLPH7KHQWKHQXPHULFDOWKLFNQHVV
GXUDWLRQFRPSDULVRQZDVHYDOXDWHGZLWKD OLQHDU UHJUHVVLRQDQGD6WXGHQW WWHVW
and the correlations having the higher t value were considered the most reliable. 
2ISRVVLEOHFRUUHODWLRQVWZRUHVXOWHGWKHPRVWVWDWLVWLFDOO\UHOLDEOHVLJQL¿FDQW
DW  )URP WKHVH WZR RSWLRQV 2SWLRQ  DQG 2SWLRQ  WZR DJH PRGHOV










)PDQGDW WKHEDVHRIPDJQHWR]RQH6$Q+HQFH WKH5KDHWLDQ LVFKDUDFWHUL]HG
E\ D ]RQH RI SUHYDOHQW QRUPDO SRODULW\7KH FRUUHODWLRQZLWK WKH1HZDUN$376
FRQVWUDLQWWKH5KDHWLDQLQWKH((LQWHUYDO
*DOOHW HW DO  FRUUHODWH WKH VHFWLRQ RI 2\XNOX 7XUNH\ FDOLEUDWHG ZLWK
FRQRGRQWV ZLWK WKH 7HWK\DQ FRPSRVLWH RI *DOOHW HW DO  FRQVWUXFWLQJ D
6HYDWLDQ5KDHWLDQ7HWK\DQFRPSRVLWHWKDWZDVFRUUHODWHGZLWKWKH1HZDUN$376
7KLVFRUUHODWLRQIROORZVWKHRQHIURP*DOOHWHWDOZKHUHWKH5KDHWLDQLV










include the Misikella posthernsteini-bidentata Zone in the Rhaetian. In this case 










from typical upper Sevatian conchostracans (Shipingia olseni) to typical upper 



















x 2SWLRQ& IROORZV WKH FRUUHODWLRQV RI+RXQVORZ HW DO  DQG RSWLRQ
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RI*DOOHWHWDO 7KLVRSWLRQ LVFRQVLVWHQWZLWK WKHK\SRWKHVLVRI
D ODFNRI5KDHWLDQVHGLPHQWV LQ WKH1HZDUN$376HJ9DQ9HHQ
*DOOHWHWDO)ROORZLQJ+RXQVORZHWDOWKH15%VKRXOGIDOO
ZLWKLQWKH((LQWHUYDOEXWWKHSUHYLRXVELRVWUDWLJUDSKLFLQYHVWLJDWLRQ
of Orbell (1973), which place the FO of Rhaetagonyalux rhaetica lower 




Although any option is preferred to another, Option A seems the one less affected 
by stratigraphic inconsistencies (e.g. large variations of sedimentation rates, 




5HFHQWO\ +VLQJ HW DO  UHVDPSOHG WKH 6WHLQEHUJNRJHO VHFWLRQ *663
FDQGLGDWH IRU WKH 5KDHWLDQ 6WDJH .U\VW\Q HW DO D E 7KH QHZ
magnetostratigraphy have been correlated with other Tethyan sections, including 
3L]]R 0RQGHOOR 0XWWRQL HW DO  7KH DVWURQRPLFDO F\FOHV UHFRJQL]HG LQ
3L]]R0RQGHOORa0\+VLQJHWDOZDVZHOOFRUUHODWHGZLWKWKHVDPH
F\FOHVLQWKH1HZDUN$376FRQ¿UPLQJWKHSURSRVHGFRUUHODWLRQRI6WHLQEHUJNRJHO
WKURXJK 3L]]R0RQGHOOR7KH15% WUDFHG XVLQJ WKH )2 RI FRQRGRQWMisikella 
hernsteini instead of the younger M. posthernsteini, is correlated to the top of E16n, 
DWa0D7KLVFRUUHODWLRQLVLQDJUHHPHQWZLWK.HQWHWDO&KDQQHOOHW
DODQG0XWWRQLHWDO
5HFHQWO\ WKH*HRORJLFDO7LPH 6FDOH  *UDGVWHLQ HW DO  SURSRVH WZR
different options for the Stages of the Late Triassic (Fig. 1.4), based on the correlation 
EHWZHHQ D PDJQHWRELRVWUDWLJUDSKLF VHTXHQFH LQ ZKLFK 6WDJH ERXQGDULHV DUH
GH¿QHGE\ DPPRQRLG=RQHV IURP WKH7HWK\V DQG WKH1HZDUN$376 IRU ERWK
RSWLRQV&DUQLDQDJHLVa0DDQG+HWWDQJLDQDJHLVa
x Long-Tuvalian option7KLVRSWLRQFRQVLGHUDKLDWXVRIa0\LQWKH1HZDUN
Supergroup, following the Late Triassic chronology proposed by Lucas et al.
,QWKH1HZDUN6XSHUJURXSVWUDWDMXVWEHORZWKH2UDQJH0W%DVDOWV
ROGHVW&$03ODYDÀRZVLQWKH1HZDUN%DVLQVKRZDTXLFNWUDQVLWLRQIURP
typical upper Sevatian (late Norian) conchostracans (Shipingia olseni) to
W\SLFDOXSSHU5KDHWLDQDVVHPEODJHV.R]XUDQG:HHPV
Anyway, conchostracans of lower Rhaetian are poorly described and the
distribution of S. olseni could cover this interval up to the appearance of
Euestheria brodieana XSSHU5KDHWLDQ.R]XU DQG:HHPV  /XFDV
HWDOMXVWL¿HGWKLVWKHRU\DVVXPLQJWKDWWKH5KDHWLDQVKRXOGFRYHU
D ODUJH UHYHUVDO SRODULW\SHULRGZKHUHDV LQ WKH1HZDUN WKH FRQYHQWLRQDO
5KDHWLDQLVPRVWO\RIQRUPDOSRODULW\,QWURGXFLQJWKHJDSLQWKH1HZDUN





on the assumption that the Rhaetian base should be ~1 Myr younger than
WKH1RULDQ(Qa0D7KH&DUQLDQ1RULDQERXQGDU\LVKHUHSODFHG




palynomorphs (Olsen and Kent, 1999), and with the correlation Option 
ZLWK WKH 3L]]R0RQGHOOR VHFWLRQ RI0XWWRQL HW DO 7KHUHIRUH
GXUDWLRQRIWKH6WDJHVDUH&DUQLDQa0\1RULDQa0\DQG5KDHWLDQ
~4.1 My long. 
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x Long-Rhaetian option,QWKLVRSWLRQVWUDWLJUDSK\RIWKH1HZDUN6XSHUJURXS
is considered as continuous. In facts, there is no lithostratigraphic evidences 
RIDJDSLQWKHXSSHU3DVVDLF)RUPDWLRQ*UDGVWHLQHWDODQGFRHYDO
successions with cyclostratigraphy show same time span between the 
¿UVW&$03EDVDOWDQGWKHODVWUHYHUVDOaN\U'HHQHQ'HHQHQ













6WDJH ERXQGDULHV DV &DUQLDQ1RULDQ DQG 1RULDQ5KDHWLDQ ODFNV RI D IRUPDOO\
accepted numerical age, because of many different proposals of correlations 
EHWZHHQ WKHPDULQH VHFWLRQV DQG WKH1HZDUN$3767R UH¿QH WKH/DWH7ULDVVLF
JHRFKURQRORJ\IXUWKHULQYHVWLJDWLRQVDUHQHHGHGIRFXVLQJRQELRVWUDWLJUDSKLFZHOO
calibrated marine sections, which offer the possibilities to recognize clearly the 
PDUNHUVRI/DWH7ULDVVLF6WDJHVDQGVXEVWDJHV7KHVWXG\RIPDJQHWRVWUDWLJUDSK\LQ
marine sections, as seen before, represent a valid tool to improve the Late Triassic 
FKURQRORJ\E\WKHFRUUHODWLRQZLWKWKH1HZDUN$376
1.3 A NEW PROPOSAL FOR LATE TRIASSIC CHRONOLOGY
The presence of (at least) two different geochronological options for the Late 
7ULDVVLF *UDGVWHLQ HW DO  OHDG WR KDUGO\ DVVLJQ DQ DJH RU GXUDWLRQ WR WKH
HYHQWVRFFXUULQJGXULQJWKLV WLPHSHULRG7R¿QGDZD\RXWIURPWKLV LPSDVVH LV
necessary to improve the integrated stratigraphy of the Late Triassic. Considering 
WKH LPSRUWDQFHRI WKH1HZDUN$376 DV JHRFKURQRORJLFDO WRRO WKH LQYHVWLJDWLRQ
of magnetostratigraphy is fundamental to attempt a correlation with stratigraphic 
VXFFHVVLRQUHFRUGLQJFOHDUO\WKHFKURQRORJLFDONH\PDUNHU
To give a contribution to the Late Triassic chronology I investigate for 
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PDJQHWRVWUDWLJUDSK\ D VHULHV RI VHOHFWHG 7HWK\DQ VHFWLRQV FRYHULQJ WKH 1RULDQ
Rhaetian interval and the middle Carnian stage. The choice of these two intervals 
is strategical. The base of the Rhaetian is still debated so it is necessary to analyze 
WKHPDJQHWRVWUDWLJUDSK\RIDVHFWLRQLQZKLFKWKH6WDJHERXQGDU\LVFOHDUO\GH¿QHG
DQGWKHQDWWHPSWDFRUUHODWLRQZLWKWKH1HZDUN$3767KH3LJQROD$EULRODVHFWLRQ
(Italy) is a perfect candidate because of a detailed conodont biostratigraphy, in 






Also the Carnian Stage shows similar issues regarding its chronology. The 
/DGLQLDQ&DUQLDQERXQGDU\KDVEHHQGH¿QHGZLWKD*6630LHWWRHWDODQG
WKH SURSRVDOV RI&DUQLDQ1RULDQ EDVHG RQPDULQH IRVVLOV DUH FRQVLGHUHG UHOLDEOH
(e.g. conodonts, ammonoids), but it is still debated the discrepancy with the Norian 
EDVHG RQ FRQWLQHQWDO IRVVLOV SDO\QRPRUSKV FRQFKRVWUDFDQV YHUWHEUDWHV /XFDV
HW DO  7KH &DUQLDQ1RULDQ ERXQGDU\ KDV D GHWDLOHGPDJQHWRVWUDWLJUDSK\
which unfortunately is missing for the rest of the Carnian, characterized instead 
E\ WKH IHZ VHFWLRQV DIIHFWHG E\ FRQGHQVDWLRQ RU GLVFRQWLQXLWLHV OLNH IDXOWV DQG
GLVFRQIRUPLWLHVXQFRQIRUPLWLHV HJ %ROFHNWDVL 7HSH *DOOHW HW DO  7R
improve the magnetostratigraphy of the middle Carnian I decided to investigate 
WKH3LJQRODVHFWLRQLQ6RXWKHUQ,WDO\DQGWKH'LERQDVHFWLRQLQ1RUWKHUQ,WDO\













7KH W\SH RI LQWHUDFWLRQ LV H[SODLQDEOH E\ D VHOIH[FLWLQJPDJQHWRK\GURG\QDPLF
G\QDPRPRGHO$VHOIH[FLWLQJG\QDPRQHHGVDPRYLQJHOHFWULFDOFRQGXFWRUWKH





IURP 0F(OKLQQ\  F
non-dipolar geomagnetic 
¿HOG0DJQLWXGHDQGGLUHFWLRQ
RI WKH ¿HOG LV UHSUHVHQWHG E\
arrows (scale in the lower-
ULJKW FRUQHU IURP %XWOHU









active. Considering that the Earth has not been “roasted” yet by the solar wind, 
VRPH NLQG RI HQHUJ\ VXSSO\PXVW EH SUHVHQW7KHPRVW OLNHO\ VRXUFH RI HQHUJ\
KDVEHHQLGHQWL¿HGLQWKHSURJUHVVLYHFRROLQJRIWKH(DUWK¶VRXWHUFRUHZKLFKFDQ












2.2 MAGNETIC PROPERTIES OF MINERALS
0RVWRI WKH URFNV LQ WKH(DUWKDUHFKDUDFWHUL]HGE\PDJQHWLFSURSHUWLHV DQGDUH
DEOHWRUHWDLQDPDJQHWL]DWLRQLIWKH\KDYHEHHQVXEMHFWHGWRDPDJQHWLF¿HOG7KH
PDJQHWLFIHDWXUHVRIDURFNDUHUHODWHGWRWKHFRQWHQWRIPDJQHWLFPLQHUDOVZKLFK
are characterized by different behaviors.
2.2.1 Behavior of the magnetic minerals




UHWDLQ WKH PDJQHWL]DWLRQ HYHQ DIWHU WKH PDJQHWLF ¿HOG LV UHPRYHG VKRZLQJ D
complicated behavior and at least three subcategories that are: ferromagnetic sensu 
stricto, antiferromagnetic and ferrimagnetic minerals. Ferromagnetic minerals s.s. 
are characterized by magnetic moments in minerals that are oriented parallel to the 
DSSOLHG¿HOG)LJDDFTXLULQJDVWURQJUHVLGXDOPDJQHWL]DWLRQ0LQHUDOVKDYLQJ
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an antiferromagnetic behavior have magnetic moments oriented in both parallel 
DQGDQWLSDUDOOHOSRVLWLRQUHVSHFW WR WKHDSSOLHG¿HOG)LJEZLWKDUHVXOWDQW
PDJQHWL]DWLRQ HTXDOV WR ]HUR DQWLIHUURPDJQHWLF EHKDYLRU SDVV WR SDUDPDJQHWLF
over the Nèel temperature (TN). In ferrimagnetic minerals the magnetic moments 
DUH RULHQWHG SDUDOOHO DQG DQWLSDUDOOHO WRR EXW WKHUH LV D GRPLQDQW GLUHFWLRQ RI
PDJQHWL]DWLRQ )LJ F PRVW RI WKH PDJQHWLF PLQHUDOV DUH IHUULPDJQHWLF $
ferromagnetic mineral become paramagnetic over the Curie temperature (TC) and 
return ferromagnetic under the same temperature. There are also some special 
EHKDYLRUVOLNHFDQWHGDQWLIHUURPDJQHWLFDQGVXSHUSDUDPDJQHWLF




¿HOGEXWDUHFKDUDFWHUL]HGE\DYHU\VKRUWUHOD[DWLRQWLPHtS, the period of time 
DIWHUZKLFKDPDJQHWLFPLQHUDOORVHWKHDFTXLUHGPDJQHWL]DWLRQVRWKH\ORVHWKHLU
PDJQHWL]DWLRQTXLFNO\tSLVGHSHQGLQJRQWHPSHUDWXUH)LJDQGLWVYDULDWLRQLV
characteristic for every magnetic mineral, so there are superparamagnetic materials 
DWURRPWHPSHUDWXUHDQGIHUURPDJQHWLFPLQHUDOVWKDWEHFRPHVXSHUSDUDPDJQHWLFDW
YHU\KLJKWHPSHUDWXUHFDOOHGEORFNLQJWHPSHUDWXUHTB). 
Figure 2.3: log plot of relaxation time of a single-
domain magnetite as function of temperature. TB is WKHEORFNLQJWHPSHUDWXUHIURP%XWOHU
Figure 2.2: coupling of 






2.2.2 Main ferromagnetic minerals
3ULQFLSDOIHUURPDJQHWLFPLQHUDOVDUHWKH)HHQULFKHGSKDVHVRIWLWDQRPDJQHWLWHDQG





 DQG OYRVSLQHO )HTiO4 ZKHUH OYRVSLQHO LV SDUDPDJQHWLF DW URRP
WHPSHUDWXUH GXH WR 7LHQULFKPHQW DQG PDJQHWLWH LV IHUURPDJQHWLF TC &
JS [$P)LJD7LWDQRKHPDWLWH LVDVROLGVROXWLRQEHWZHHQKHPDWLWH
(DFeO3) and ilmenite (FeTiO3 ZKHUH KHPDWLWH LV FDQWHGDQWLIHUURPDJQHWLF
(sometimes ferromagnetic s.s. due to structural defects) with a TN &JS [3 







7KH DFTXLUHG PDJQHWL]DWLRQ LV DOVR IXQFWLRQ RI WKH JUDLQ VWUXFWXUH &U\VWDOV RI
magnetic minerals are characterized by magnetic domains, indicating the distribution 
RIPDJQHWLF FKDUJHRQ WKH VXUIDFHRI WKHJUDLQ ,Q D VLQJOHGRPDLQ 6' FU\VWDO
PDJQHWLFFKDUJHLVHTXDOO\GLVWULEXWHGRQWKHVXUIDFH)LJDDQGWKHDFTXLUHG
magnetization (J LV HTXDO WR WKHPD[LPXPDFTXLUDEOHPDJQHWL]DWLRQ VDWXUDWLRQ
magnetization, JS ,Q DPXOWLGRPDLQ 0' JUDLQ WKHUH DUHPRUH GRPDLQVZLWK
GLIIHUHQW RULHQWDWLRQ DQG WKH PDJQHWLF FKDUJH LV QRW HTXDOO\ GLVWULEXWHG RQ WKH
VXUIDFHRIWKHFU\VWDO)LJEDVDFRQVHTXHQFHJ is lower than JS. 
*UDLQVL]HLQÀXHQFHWKHGHYHORSRIVLQJOHRUPXOWLSOHGRPDLQVLQSDUWLFXODUVPDOO
grains are characterized by single domains easily than large grains, which form 
XVXDOO\ PXOWLGRPDLQV IRU HQHUJHWLF FRQYHQLHQFH ,V GLI¿FXOW WR XQGHUVWDQG WKH
H[DFWJUDLQVL]HOLPLWEHWZHHQ6'DQG0'JUDLQV,QIDFWVDSDUWLFXODULQWHUYDORI
grain size shows intermediate features between SD and MD. This situation refers 
WRWKHSVHXGRVLQJOHGRPDLQ36'JUDLQV7KH36'JUDLQVKDYHDVPDOOQXPEHU
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of domains inside and they also show 
a high coercivity and a relevant time 
stability of the magnetization. Most of 
the times, PSD grains are important 
carriers of remanent magnetism. 
Moreover, isotropic crystals are easily 
magnetizable than anisotropic ones, 
and anisotropic minerals are simply 
PDJQHWL]DEOH DORQJ WKH ORQJ D[LV WKDQ
the short one. 




induced magnetization that is not preserved. The NRM results from the combination 
RIDSULPDU\150UHFRUGHGGXULQJURFNIRUPDWLRQDQGVHFRQGDU\150DFTXLUHG
DIWHU WKH URFN IRUPDWLRQ7KH SULPDU\150 LV DFTXLUHGPDLQO\ LQ WKUHHZD\V
cooling from high temperatures (ThermoRemanent Magnetization), deposition of 
magnetic minerals in detritus (Detrital Remanent Magnetization) and sometimes by 
growth of magnetic minerals below the TC (Chemical Remanent Magnetization). A 
secondary NRM can be recorded in many ways, mainly by application of a relative 
ZHDNPDJQHWLF¿HOGIRUDORQJWLPH9LVFRXV5HPDQHQW0DJQHWL]DWLRQFKHPLFDO
alteration of ferromagnetic minerals (secondary CRM) or by application of a very 




below the TC. In particular, TRM becomes stable below the TB, at the passage 
EHWZHHQ VXSHUSDUDPDJQHWLF DQG IHUURPDJQHWLF EHKDYLRU 7KH DFTXLVLWLRQ RI WKH
750LVQRWLQVWDQWDQHRXVIRUWKHZKROHURFNEXWLVDFTXLUHGJUDGXDOO\ZKHQHDFK
phase reaches the TB. The stability of TRM during time is strongly related to the 
grain size: small crystals have high probability to develop single domains, while 
ODUJHFU\VWDOVDUHSUREDEO\FKDUDFWHUL]HGE\DPXOWLGRPDLQVWUXFWXUH
)LJXUH  D PDJQHWLF FKDUJH GLVWULEXWHG RQ D
VLQJOHGRPDLQVSKHULFDOJUDLQEPDJQHWLFGRPDLQV
in a spherical grain (arrows indicate direction of 
VDWXUDWLRQPDJQHWL]DWLRQMs)URP%XWOHU
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Detrital Remanent Magnetization (DRM)
7KH '50 LV DFTXLUHG GXULQJ WKH GHSRVLWLRQ RI VHGLPHQWDU\ URFNV 7KH '50
recorded by orientation of magnetic minerals in the moment of deposition is 
called depositional DRM (dDRM), while the DRM recorded successively to the 





In effect, during the deposition, grains rotate while laying down on the bottom 
)LJE7KLVSKHQRPHQRQVKRXOGLQGXFHDQHUURULQWKHUHFRUGHGLQFOLQDWLRQ






is function of many factors, mainly:
x grain size: small grains remain suspended in the water column longer than
large grains, increasing the pDRM contribution.
x ELRWXUEDWLRQVHGLPHQWVUHZRUNHGE\ELRORJLFDODFWLYLWLHVUHFRUGDS'50
x sedimentation rate: slow rates enhance the pDRM, increasing the residence
c
)LJXUH  D LQFOLQDWLRQ RI '50 ,
0
) related 
WR WKH LQFOLQDWLRQ RI WKH DSSOLHG PDJQHWLF ¿HOG
(I
H
 IURP%XWHU PRGL¿HG IURP9HURVXE
1977). b) inclination shallowing of DRM due 
to rotation of elongate grains (m is magnetic 
PRPHQW + LV WKH DSSOLHG PDJQHWLF ¿HOG F
inclination of pDRM against inclination of the 
DSSOLHGPDJQHWLF¿HOG +YHUWLFDOEDUVDUH WKH
FRQ¿GHQFH OLPLWVRQS'50LQFOLQDWLRQVWUDLJKW
line represent the perfect agreement between 
S'50DQG+LQFOLQDWLRQV)URP%XWOHU
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time of the magnetic particles in the high water content zone of the sediments. 
$VPHQWLRQHGEHIRUHJUDLQVL]HKDVDOVRHIIHFWVRQWKHTXDQWLW\RIPXOWLVLQJOH
RUSVHXGRVLQJOHGRPDLQJUDLQV)LQHVLOWRUFOD\KDVPRUH6'DQG36'SDUWLFOHV
than a coarse sand or silt, which are full of MD grains. SD and PSD grains retain 
a higher magnetization than MD grains, and the record is more stable. Moreover, 
coarse grains are more sensitive to mechanical energies that override the magnetic 
alignment of the particles, and the high permeability of coarse sediments enhance 
WKHFKHPLFDODOWHUDWLRQRIIHUURPDJQHWLFPLQHUDOV)RUWKHVHUHDVRQV¿QHJUDLQHG
VHGLPHQWDU\URFNVDUHSUHIHUDEOHWRFRDUVHJUDLQHGIRUSDOHRPDJQHWLFDQDO\VHV
Chemical Remanent Magnetization (CRM)
If magnetic minerals form after chemical reaction and are subjected to a magnetic 
¿HOG WKH DFTXLUHG PDJQHWL]DWLRQ LV FDOOHG &KHPLFDO 5HPDQHQW 0DJQHWL]DWLRQ
&50 7KH PDJQHWL]DWLRQ LV DFTXLUHG GXULQJ WKH JURZWK RI WKH FU\VWDOV DQG
EHFRPHVWDEOHDIWHUWKHFU\VWDOVUHDFKWKHEORFNLQJYROXPHDOORZLQJWKHIRUPDWLRQ
of stable single domains. During alteration of minerals, if the crystal structure did 
not change (i.e. magnetite to maghemite), the direction of the CRM is controlled 
E\WKHSUHYLRXV1507KHDFTXLVLWLRQRI&50FDQRFFXUDOVRIURPSUHFLSLWDWLRQ
of magnetic minerals from a solution, or for postdepositional alteration. If the 
alteration occurs soon after the deposition, the CRM could be regarded as primary 
LH R[LGDWLRQ UHDFWLRQV ZLWK IRUPDWLRQ RI KHPDWLWH GHK\GUDWLRQ RI JRHWKLWH LQ
hematite). Otherwise, if the alteration occurs long after deposition, the CRM is 
UHJDUGHGDVVHFRQGDU\LHGLDJHQHWLFSURGXFWLRQRIVXO¿GHV
Viscous Remanent Magnetization (VRM)
0DJQHWLFPLQHUDOVVXEMHFWHGWRDZHDNPDJQHWLF¿HOGLHWKHJHRPDJQHWLF¿HOG
IRUD ORQJ WLPHFDQDFTXLUHDVHFRQGDU\PDJQHWL]DWLRQFDOOHG9LVFRXV5HPDQHQW
0DJQHWL]DWLRQ 950$FTXLVLWLRQ RI 950 KDV D ORJDULWKPLF JURZWK LQ WLPH
VR QRUPDOO\ LV GRPLQDWHG E\ UHFHQW JHRPDJQHWLF ¿HOG 0RUHRYHU WKH 950 LV




domain walls motion. Magnetization of PSD and MD grains interacts with the 
DSSOLHG¿HOGIDFLOLWDWLQJWKHGRPDLQZDOOVPRWLRQDQGWKHPDJQHWL]DWLRQLQFUHDVHV




$IWHU WKH URFN LV IRUPHG VWURQJPDJQHWLF¿HOGV LQGXFHGE\QDWXUDORU DUWL¿FLDO
VRXUFHVFDQUHPDJQHWL]HURFNVFRPSOHWHO\REOLWHUDWLQJHYHU\UHPDQHQWPDJQHWLVP
DFTXLUHG EHIRUH 7KLV NLQG RI UHPDJQHWL]DWLRQ LV FDOOHG ,VRWKHUPDO 5HPDQHQW
0DJQHWL]DWLRQ,50DQGLVDFTXLUHGDWURRPWHPSHUDWXUH5DUHLQQDWXUHDFTXLUHG
normally by effect of lightnings hitting the outcrops), IRM represents a valid analysis 




2.4 UNDERSTANDING THE ROCK MAGNETIC PROPERTIES
5RFNVDUHPDGHE\DQDVVHPEODJHRIPLQHUDOVDQGVRPHRIWKHPDUHPDJQHWLF7KH
PDJQHWLFSURSHUWLHVRIDURFNVDPSOHUHÀHFWLWVFRQWHQWLQPDJQHWLFPLQHUDOVDQG
are dominated by the most abundant phase. Knowing the properties of a magnetic 
PLQHUDOLVIXQGDPHQWDOLQSDOHRPDJQHWLVPEHFDXVHLWLQÀXHQFHVWKHSUHVHUYDWLRQ
of the original magnetization during time. The reactions of magnetic minerals 
VXEMHFWHGWRGLIIHUHQWFRQGLWLRQVH[WHUQDOPDJQHWLF¿HOGVKHDWLQJHWFDUHXQLTXH
DQGPDQ\DQDO\WLFWHFKQLTXHVKDYHEHHQGHYHORSHGWRTXDQWLI\WKHVHUHDFWLRQV
2.4.1 Analysis of Natural Remanent Magnetization (NRM)
7R UHYHDO WKH 1DWXUDO 5HPDQHQW 0DJQHWL]DWLRQ RULJLQDOO\ DFTXLUHG GXULQJ WKH
IRUPDWLRQRIWKHURFNRULHQWHGVDPSOHVDUHQHHGHG6DPSOHVFRUHGRQWKH¿HOGDUH




)LJXUH  H[DPSOH RI RULHQWHG
core. Direction information are 
azimuth (the angle between the 
KRUL]RQWDOSURMHFWLRQRIWKH[D[LV
and the North) and hade (the 




The so-oriented samples are then demagnetized progressively. The magnetization 
retained by the magnetic minerals in the rock is removed by heating (thermal 
demagnetization) or by application of an alternate gradient magnetic field. The “soft” 
Figure 2.8: core obtained from an oriented block. Arrow 
on the block indicates the dip/dip-angle direction. The 
GLUHFWLRQRIWKHFRUHLVREWDLQHGE\&RUH'LS GLS
&RUH+DGH GLSDQJOH
)LJXUH  HQGSRLQW YHFWRU GLDJUDP =LMGHUYHOG
 )RU HDFK GHPDJQHWL]DWLRQ VWHS QXPEHUV
RQ GRWV WKH GLDJUDP GLVSOD\V WKH KRUL]RQWDO D
'HFOLQDWLRQ DQG WKH KRUL]RQWDO E ,QFOLQDWLRQ
SURMHFWLRQVRIWKHPDJQHWL]DWLRQYHFWRU7KHSURMHFWLRQV
DUHSORWWHGWRJHWKHUFZKHUHLQFOLQDWLRQLVPDUNHGE\
empty dots and declination by full dots.
magnetic minerals (e.g. pyrrhotite, 
goethite, Ti-rich magnetite) are 
removed by low temperatures and 
fields, isolating the magnetization 
recorded by “hard” minerals (e.g. 
magnetite, hematite). For each step of 
demagnetization, the magnetometer 
detects the direction and the intensity 
of the magnetization vector, then 
plotted into an end-point vector 
diagram (Zijderveld, 1967) (Fig. 2.9). 
The diagram shows the projection of the magnetization vector on the horizontal 
(full symbols; Fig. 2.9a) and vertical (empty symbols; Fig. 2.9b) planes. When the 
PDJQHWL]DWLRQFRPSRQHQWLGHQWL¿HGDVFKDUDFWHULVWLFRIWKHVDPSOH&KDUDFWHULVWLF
150&K50)LJDLVLVRODWHG)LJEWKHPHDQGLUHFWLRQDQGLQWHQVLW\
of this component are calculated using a Principal Component Analysis (PCA) (Fig. 
F2QFHGHWHUPLQHGWKHGLUHFWLRQ
of the characteristic component, the 
datum is interpreted paying attention to 
the values of azimuth and inclination. 
,IWKHGLUHFWLRQLVXQXVXDOHJQRUWK
XSRU VRXWKGRZQYHFWRUV LQQRUWKHUQ
KHPLVSKHUH LQVWHDG RI QRUWKGRZQ
RU VRXWKXS RULHQWDWLRQ GDWD RI WKH
VDPSOHV VKRXOG EH FKHFNHG DQG LQ
case, corrected or rejected.
Evaluation of paleomagnetic stability
Once derived the ChRM from a set of 
VDPSOHV LV GLI¿FXOW VRPHWLPHV WR EH
sure that this component is primary or 
KDYHEHHQDFTXLUHG ODWHO\7KHDSSOLFDWLRQRISDOHRPDJQHWLF VWDELOLW\ WHVWVFRXOG
27
SURYLGH LQIRUPDWLRQ DERXW WKH RULJLQ DQG WLPLQJ RI WKH DFTXLUHGPDJQHWL]DWLRQ







WKLV WHVWGRHVQRWZRUNRQKRPRFOLQDOVHFWLRQV ,I WKH&K50LVDFTXLUHGEHIRUH
folding, the directions from the opposite limbs of the fold are dispersed, but they 
VKRXOGFRQYHUJHDIWHUWKHDSSOLFDWLRQRIWKHVWUXFWXUDOFRUUHFWLRQ)LJ,IWKH
site pass the fold test (original ChRM) the structural corrected directions should be 
PRUHFOXVWHUHGWKDQEHIRUHRQWKHFRQWUDU\LIWKHIROGWHVWLVIDLOHGWKHFRUUHFWHG
directions are more dispersed.
Figure 2.11: example of the fold and conglomerate tests. Arrows in fold limbs and conglomerate clasts are the 




If in a conglomerate the clasts acquired a ChRM before the deposition of the 
conglomerate (in the source rock), the ChRM directions should be randomly 
distributed (the site passed the conglomerate test) (Fig. 2.11). If the direction 
are consistent, the test is failed, which means that the ChRM have been acquired 




$VVHHQEHIRUH &KDSWHU WKHJHRPDJQHWLF¿HOG LV DSSUR[LPDWHGE\DQD[LDO
GLSROHWKLVLVWUXHIRUDWLPHDYHUDJHGJHRPDJQHWLF¿HOGERWKIRUQRUPDORUUHYHUVH
SRODULW\ SHULRGV&RQVHTXHQWO\ LQ D VLWH WKHPHDQ GLUHFWLRQV RI SULPDU\ QRUPDO
DQGUHYHUVHFRPSRQHQWVVKRXOGGLIIHURIa6HFRQGDU\FRPSRQHQWVDFTXLUHG
later deviate the angular difference 
between the mean normal and reverse 
GLUHFWLRQV UHVXOWLQJ QRQDQWLSDUDOOHO
)LJ,IWKHUHYHUVDOWHVWLVSDVVHG
it means that the secular variation 
RI WKH JHRPDJQHWLF ¿HOG LV ZHOO
averaged and the ChRM is coherent 
ZLWK D SULPDU\ DFTXLVLWLRQ 2Q WKH
contrary, if the test is failed probably 
the ChRM is strongly contaminated 
by secondary magnetization, or the 
SDOHRPDJQHWLFGDWDDUHQRWVXI¿FLHQW
to average the secular variation of the 
Figure 2.12: black arrows indicate the expected 
DQWLSDUDOOHO FRQ¿JXUDWLRQ RI WKH PHDQ GLUHFWLRQV ,Q




possibilities to pass the reversals test.
JHRPDJQHWLF¿HOG7KLV WHVW LVDSSOLFDEOH WRHYHU\GDWDVHWEHFDXVHDQ\SDUWLFXODU
JHRORJLFDOVHWWLQJLVUHTXLUHGDVIROGLQJRUFRQJORPHUDWHV 
2.4.2 Isothermal Remanent magnetism (IRM): techniques
0DJQHWLF FKDUDFWHULVWLFV RI D URFN DUH GHSHQGLQJ RQ WKH FRQWHQW LQ PDJQHWLF
minerals. Each magnetic mineral has a different behavior if subjected to an induced 
PDJQHWLF¿HOGRULIKHDWHG%\WKHDSSOLFDWLRQRIGLIIHUHQWDUWL¿FLDO,50,VRWKHUPDO
5HPDQHQW0DJQHWLVPWHFKQLTXHVLVSRVVLEOHWRXQGHUVWDQGWKHSDUWLFXODUPDJQHWLF
SURSHUWLHV RI D URFN VDPSOH DV D UHÀHFWLRQ RI WKH GRPLQDQW SKDVHV RIPDJQHWLF
minerals.
,50DFTXLVLWLRQFXUYH
$ PDJQHWLF ¿HOG LV DSSOLHG LQFUHDVLQJ SURJUHVVLYHO\ WKH LQWHQVLW\ RI WKH ¿HOG
DQG WKH DFTXLUHG PDJQHWL]DWLRQ LV UHFRUGHG DIWHU HDFK VWHS RI WUHDWPHQW:KHQ




)LJXUH  H[DPSOH RI ,50 DFTXLVLWLRQ FXUYH
:KHQ WKH VDPSOH UHDFK VDWXUDWLRQ WKH FXUYH
ÀDWWHQV PDLQWDLQLQJ WKH PDJQHWL]DWLRQ DOPRVW
FRQVWDQW DJDLQVW WKH LQFUHDVH RI ¿HOG LQWHQVLW\
IURP7DX[H
%DFN¿HOGFXUYH
7KLV WHFKQLTXH LVXVHIXO IRU WKHGHWHUPLQDWLRQRI WKHFRHUFLYLW\RU WKHPLQLPXP
PDJQHWLF ¿HOG QHFHVVDU\ WR GHOHWH FRPSOHWHO\ WKH DFTXLUHG PDJQHWL]DWLRQ RI D
mineral, after complete saturation. The magnetic coercivity measures the resistance 
RIDIHUURPDJQHWLFPLQHUDOWRFRPSOHWHGHPDJQHWL]DWLRQ+LJKFRHUFLYLW\PLQHUDOV
PDJQHWLFDOO\KDUGDUHPRUHGLI¿FXOW WRGHPDJQHWL]HRUUHPDJQHWL]H WKDQORZ
FRHUFLYLW\PLQHUDOV PDJQHWLFDOO\ VRIW 7KH H[SHULPHQW FRQVLVWV LQ VDWXUDWH WKH





)LJXUH  H[DPSOH RI EDFN¿HOG ,50 FXUYH 7KH VDPSOH
is saturated along a direction and then remagnetized 
progressively on the opposite direction until is saturated again. 
When the magnetization reaches zero (intersection of the curve 
ZLWKWKHDSSOLHG¿HOGD[LVWKHUHODWLYHDSSOLHGPDJQHWLF¿HOG
is the coercivity (HCIURP/DYDOOpHHWDO
Hysteresis loop
Once a ferromagnetic mineral is magnetized, it will not spontaneously come back to 
zero magnetization once the applied magnetic field is removed. It needs an external 
magnetic field in opposite direction to drive the magnetization to zero. Applying a 
gradient magnetic field to a mineral, the magnetization traces a closed curve called 
hysteresis loop (Fig. 2.14a). The magnetic hysteresis represents the lag between the 
magnetization curve (after application of a magnetic field) and the relaxation curve 
(once the magnetic field is removed), due to the presence of magnetic domains 
that need energy to be reoriented. The magnetization retained at zero-field is 
called remanence. In rock samples (representing a mixture of magnetic minerals), 
30
the hysteresis loop reflects the content in SD, MD and PSD grains. SD grains start 
orienting along the magnetic field (Fig. 2.14b) direction until saturation, where they 
)LJXUHH[DPSOHRIK\VWHUHVLVORRSD,QFDVHRI6'JUDLQV
WKH PDJQHWLF PRPHQWV VXEMHFWHG WR DQ DSSOLHG PDJQHWLF ¿HOG
(H) are randomly oriented (b) until saturation-JsFWKH¿HOGLV
removed and the magnetic moments orient along the long axis 
QHDUWRWKHGLUHFWLRQRI+GVKRZLQJDUHPDQHQWPDJQHWL]DWLRQ
JrDQRSSRVLWHPDJQHWLF¿HOGLVQHFHVVDU\WRHUDVH-rH%XWOHU
are all oriented (Fig. 2.14c). 
Once the field is removed, 
the magnetic moments orient 
along the long axis nearer to 
the magnetic field direction 
(remanence) (Fig. 2.14d). 
An opposite field is required 
to erase the magnetization 
(Fig. 2.14e). In MD grains, 
the application of an external 
field causes the growth of 
domains with magnetization 
parallel to the field. If the field 
is strong enough, the domain 
walls are destroyed and the 
grains saturate. Removing 
the field the domain walls 
regenerate, returning to initial 
conditions, but for the presence 
of imperfections in the grains they retain a weak remanence. The field required to 
drive the domain walls to original position is weak, reflecting the low coercivity 
force of MD grains. The PSD grains have a small number of domains, showing a 
behavior more similar to SD than MD.
7KUHHD[LDO,50

















the temperature. After each step of temperature, the samples are analyzed in a 
magnetometer. The intensity of the resulting magnetic vector is then decomposed 
LQ;<DQG=FRPSRQHQWV)LJ7KHGHPDJQHWL]DWLRQFXUYHUHYHDOVZKLFK








coercivity minerals. Then the sample is thermal 
GHPDJQHWL]HG DQG WKH SDWK JLYH LQIRUPDWLRQ
about the TC and TN of the magnetic minerals in WKHVDPSOHIURP7DX[H
Thermomagnetic curve
In a constant external magnetic field, a sample subjected to a variation of temperature 
changes its magnetic moment. The decay curve of temperature represents the 
change of behavior (from ferromagnetic to paramagnetic or superparamagnetic) 
of the magnetic minerals inside the rock sample, depending on temperature (Fig. 
2.16). If the analysis is performed in air, the curve could show the presence of neo-
formed minerals by thermal oxidation of the original mineralogical phases (e.g. 
pyrite in magnetite, goethite in hematite, etc.), with increase of magnetization until 
the TC (or TN) of the neo-formed mineral is reached. If the new phase is stable, the 
magnetization at room temperature results higher than the starting magnetization.
)LJXUH  H[DPSOH RI WKHUPRPDJQHWLF FXUYH
Magnetization is calculated in relation with the 
mass of the sample. The curve show an increase in 
PDJQHWL]DWLRQDWa&GXHWRWKHSUHVHQFHRIQHR
IRUPLQJ PLQHUDOV 7KLV PLQHUDOV GHFD\ DW a&
suggesting than it could be magnetite. The temperature 








of a magnetic material subjected to a DC (direct 
FXUUHQW ¿HOG DQG D VPDOO $& DOWHUQDWLQJ
FXUUHQW ¿HOG JUDGLHQW 7KH VDPSOH LV SXW
RQ D ÀH[LEOH VWLFN DQG WKHQ EHWZHHQ WZR
electromagnets generating a gradient magnetic 
¿HOG7KHUHVRQDQFHYLEUDWLRQVDUHGHWHFWHGE\
a piezoelectric transducer (bimorph), connected 
WRWKHVDPSOHVWLFNV\VWHPDQGWKHQDPSOL¿HG
The sensibility of the instrument is attested 
at ~10 Am DQG WKH UHTXLUHGPDVV IRU
D VLQJOH VDPSOH LV YHU\ ORZ DURXQG  J
([DPSOHRI$*0LQ)LJ
&U\RJHQLF6XSHUFRQGXFWLQJ4XDQWXP,QWHUIHUHQFH'HYLFH648,'0DJQHWRPHWHU
7KH 648,' PDJQHWRPHWHU LV PDGH RI D VXSHUFRQGXFWLQJ ORRS ZLWK RQH 5)
648,'RUWZR'&648,'-RVHSKVRQMXQFWLRQVLQGXFWLYHO\FRXSOHGZLWKDVHULHV
RIVXSHUFRQGXFWLQJFRLOVVHFRQGRUGHUJUDGLRPHWHU7RDFWDVVXSHUFRQGXFWRUVWKH
coils are maintained at a temperature 
RI.XVLQJOLTXLG+HOLXP7KHWZR
Josephson junction are connected 
HDFKRWKHUE\DQRQFRQGXFWLQJRU
low conducting) material. The coils 
DUHHOHFWUL¿HG,DQGLIH[SRVHGWR
D PDJQHWLF ¿HOG WKH\ DUH FKDUJHG
of an induced current ,V (Josephson 
effect). The induced current has 
the same direction of the original 
current in one coil (total current ,W ,,V), and opposite in the other one (,W ,
±,V:KHQWKHWRWDOFXUUHQWVLQWKHFRLOVH[FHHGWKHFULWLFDOFXUUHQW,F), an electric 
tension originates in the system. This tension is then transferred to a detector and 





The thermal demagnetizer is a shielded cylindrical oven where the samples are 
SURJUHVVLYHO\GHPDJQHWL]HGE\DSSOLFDWLRQRIKHDW)LJ:KHQDPLQHUDORJLFDO





percentage of these domains have a coercivity 
greater than the intensity of the following 
KDOIF\FOH UHPDLQLQJ ¿[HG LQ WKH DFTXLUHG
GLUHFWLRQ,QWKLVZD\HTXDOQXPEHURIGRPDLQV
are oriented in positive and negative direction, 
UHVXOWLQJLQD]HURWRWDO¿HOG([DPSOHRI$)
GHPDJQHWL]HULQ)LJ
temperature (for antiferromagnetic materials), the contribution of this phase in the 




Alternating Field (AF) Demagnetizer
7KH$)GHPDJQHWL]HUZRUNVZLWKWKHDSSOLFDWLRQRIDGHFD\LQJDOWHUQDWLQJPDJQHWLF
¿HOG WR D VDPSOH $IWHU HDFK VWHS RI WUHDWPHQW WKH VDPSOH LV FOHDQHG RI DQ\
UHPDQHQWPDJQHWL]DWLRQRIFRHUFLYLW\OHVVWKDQWKHSHDNRILQWHQVLW\RIWKHDSSOLHG
¿HOG$PDJQHWLF¿HOGLVDSSOLHGWRWKHVDPSOHDORQJWKH;<DQG=RUWKRJRQDO
D[HV UDQGRPL]LQJ WKHPRELOHPDJQHWLF GRPDLQV7KH DSSOLHG ¿HOG LV GHFD\LQJ
VRWKHDPSOLWXGHRIHDFKKDOIF\FOHRIWKHDSSOLHG$)LVVPDOOHUWKDQWKHSUHYLRXV
RQH'XULQJ HDFKKDOIF\FOH WKHGRPDLQVZLWK FRHUFLYLWLHV OHVV WKDQ WKH DSSOLHG
34
)LJXUH  PRGL¿HG






wire from the torsion head. In the balance, the sample is placed on a torsion arm 
&XULH&KHQHYHDXEDODQFHDQGH[SRVHGWRDQRQXQLIRUPPDJQHWLF¿HOGJHQHUDWHG
by an electromagnet, displacing the sample from its originary position. The balance 
GHWHFWWKHWRUTXHPRPHQWQHFHVVDU\WREULQJWKHVSHFLPHQWRWKHVWDUWLQJSRVLWLRQ
7KHPDJQLWXGHRIWKHWRUTXHLVW\SLFDORIDSKDVHRUDFODVVRIPDJQHWLFPLQHUDOV
8VLQJ WKH&XULHEDODQFHFRXSOHG WRD IXUQDFH H[DPSOH LQ)LJ LVSRVVLEOH




of samples. A capacitor is charged until the necessary tension is reached, then the 
WHQVLRQLVUHOHDVHGLQDFRLOJHQHUDWLQJDPDJQHWLF¿HOGLQVLGHLW$PSpUH¶V/DZ





This instrument is necessary to measure the capacity of a material of being 
PDJQHWL]HG LI VXEMHFWHG WR DQ H[WHUQDOPDJQHWLF ¿HOG7KHPHDVXUHPHQW FDQ EH
VWDWLFIRUDQDO\VLVRIEXONVXVFHSWLELOLW\RUG\QDPLFWRGHWHUPLQHWKHDQLVRWURS\
RI VXVFHSWLELOLW\ZLWK WKH VDPSOH URWDWLQJ DORQJ WKUHH RUWKRJRQDO D[HV [ \ DQG
]7KH VDPSOH LV VXEMHFWHG WR D QRQXQLIRUP¿HOG RI GHWHUPLQHG IUHTXHQF\ DQG
WKHQWKHLQVWUXPHQWGHWHFWVWKHLQWHQVLW\RIWKHDFTXLUHGPDJQHWL]DWLRQ([DPSOHRI
VXVFHSWLELOLW\PHWHULQ)LJ
2.5 USE OF THE PALEOMAGNETIC DATA










northward declination and downward declination indicate normal polarity, whereas 
southward declination and upward inclination indicate reverse polarity. Obviously, 
LQ WKH VRXWKHUQKHPLVSKHUH WKH VLWXDWLRQ LV WKHRSSRVLWH$9LUWXDO*HRPDJQHWLF
3ROH9*3FDQEHGHULYHGIURPHDFKGLUHFWLRQGDWXPXVLQJVSKHULFDOWULJRQRPHWULF





If:                                                    , then: 
If:                                                    , then: 
7KHODWLWXGHRID9*3SODFHVWKHSDOHRPDJQHWLFSROHLQWKHQRUWKHUQRUVRXWKHUQ
KHPLVSKHUH LQGLFDWLQJ UHVSHFWLYHO\ QRUPDO DQG UHYHUVH SRODULW\ *UDSKLFDOO\
EODFN DQGZKLWH EDUV UHSUHVHQW WKH VHTXHQFH RI JHRPDJQHWLF SRODULW\ LQYHUVLRQV
7KHQZHGHULYHWKH9*3ODWLWXGH
The difference of longitude between the pole and our site is given by ȕ (positive to 
east):
Lat Lat p Lat Decp s s m= +
−















)LJXUH  SDOHRSROH GHWHUPLQDWLRQ 6 LV
WKH VWXGLHG VLWH 3 WKH SDOHRSROH DQG0 WKH
GLUHFWLRQ RI WKH JHRPDJQHWLF ¿HOG 0DJQHWLF
colatitude is calculated from paleomagnetic 
LQFOLQDWLRQ,QFm) and then used to determine 
the paleopole latitude (Latp). Latp and magnetic 
declination DecmDUHXVHG WRFDOFXODWHȕWKH
longitudinal difference between paleopole 





























cos sin sinp Lat Lats pt
cos sin sinp Lat Lats p
Long Longp s= + β
Long Longp s= + ° −180 β
respectively for normal and reverse polarity. A zone characterized by the same 
SRODULW\LVFDOOHGPDJQHWR]RQH8VXDOO\LQVLGHDPDJQHWR]RQHVRPHEULHISRODULW\
7RGHWHUPLQHD9*3SRVLWLRQLatpLongp), we need the paleomagnetic direction 






DQ H[WHQVLRQ WR WKH QDPH RI WKHPDJQHWR]RQH IROORZLQJ WKH VDPH FULWHULD HJ
,'QU ,'QQ HWF$ VHTXHQFHRIPDJQHWR]RQHV UHODWHG WR D VWUDWLJUDSKLF
succession is called magnetostratigraphy. The duration of a polarity inversion is not 
¿[HGVRWKHSDWWHUQRIDVHTXHQFHRISRODULW\LQYHUVLRQVLVQHDUO\XQLTXH7KLVLVZK\
magnetostratigraphy is a powerful tool to perform correlation between stratigraphic 
sections, considering also that the global range of the paleomagnetic record. 
2.5.2 Paleogeography














paleomagnetic pole. Value of s (distance be-
WZHHQ33DQG53SUGLVWDQFHEHWZHHQ6DQG
53DQGSSGLVWDQFHEHWZHHQ6DQG33DUH










RI WKH 9*3 ZH FDQ REWDLQ WKH PHDQVLWH SDOHRPDJQHWLF SROH 7KH PHDQVLWH
paleomagnetic pole represents the position of the pole on the long time, eliminating 
WKHIDVWFKDQJLQJa\UQRQGLSRODUFRPSRQHQWRIWKHJHRPDJQHWLF¿HOG$
VLWHPHDQGLUHFWLRQLVXVXDOO\DVVRFLDWHGWRDFLUFXODUFRQ¿GHQFHOLPLWĮ. The Į 






The mean paleomagnetic inclination (,QFm) can be used to determine the paleolatitude 












p Lat Lat Lat Lat Long Longr r s r s r s= + −[ ]−cos sin sin cos cos cos( )1
p Lat Lat Lat Lat Long Longp s p s p s p= + −⎡⎣ ⎤⎦
−
cos sin sin cos cos cos( )
1
s Lat Lat Lat Lat Long Longr p r p r p= + −⎡⎣ ⎤⎦
−
































7KHVHPLD[LVSHUSHQGLFXODUWRWKHSROHWRVLWHJUHDWFLUFOHdm) is given by:
2QFHGHWHUPLQHGWKHVLWHPHDQSDOHRPDJQHWLFSROH33LVSRVVLEOHWRFDOFXODWHWKH
rotation of the site (S) against a stable reference pole (RP) of the same period (Fig. 
)LUVWZHQHHGWKHGLVWDQFH653pr633ppDQG3353s), forming a 
spherical triangle on Earth surface:
Considering the rotation (RDVWKHDQJOHDWDSH[6RIWKHWULDQJOHZHFDQDSSO\WKH













GEOLOGICAL FRAMEWORK OF THE CONCERNED 
AREAS
For my investigations of Late Triassic magnetostratigraphy, I considered four main 
DUHDV WKH/DJRQHJUR%DVLQ 6RXWKHUQ ,WDO\ WKH'RORPLWHV 1RUWKHUQ ,WDO\ WKH
:RPEDW3ODWHDX6RXWK:HVWHUQ$XVWUDOLDDQGWKH3HODJRQLDQ'RPDLQ*UHHFH
3.1 LAGONEGRO BASIN (SOUTHERN ITALY)
3.1.1 Structural framework
7KH/DJRQHJURDUHDLVORFDWHGLQWKH6RXWKHUQ$SHQQLQHVQHDU3RWHQ]D%DVLOLFDWD
region, Southern Italy). The geological record is represented by the sediments of 
Figure 3.1: position of the Lagonegro Basin 




WKH/DJRQHJUR%DVLQ DFWLYH VLQFH WKH/DWH 3HUPLDQ WR WKH0LRFHQH 6FDQGRQH
)LQHWWL&DWDODQRHWDO&LDUDSLFDDQG3DVVHUL
$UJQDQL5LJRHWDOD7KH/DJRQHJUR%DVLQEHORQJHGWRWKH,RQLDQ




The Lagonegro area is included in the southern part of the Apennines mountain 
UDQJHDQHDVWYHUJHQWIROGDQGWKUXVWHGEHOWVSDQQLQJWKURXJKWKH,WDOLDQSHQLQVXOD
IURPWKH3RYDOOH\WRWKH,RQLDQ6HD7KHVHGLPHQWDU\VHTXHQFHVRIWKH/DJRQHJUR
%DVLQDUH VRPHRI WKH WHFWRQLFXQLWV LPEULFDWHGEHWZHHQ WKH$SXODSODWIRUPRQ
41
footwall) and the Apenninic platform (on headwall) in the Southern Apennines 
)LJ 7KH/DJRQHJUR%DVLQ VHTXHQFHZDV VXEGLYLGHG LQ WZR WHFWRQLF XQLWV
6FDQGRQH    WKH /DJRQHJUR8QLW , LQFOXGLQJ WKHPRUH GLVWDO
VHTXHQFHV DQG WKH/DJRQHJUR8QLW ,, UHSUHVHQWHGE\ WKHPRUHSUR[LPDO IDFLHV








Cretaceous to Early Miocene), the Flysch Numidico (Early Miocene to Middle 
Miocene) and the Flysch Irpini (Middle Miocene to Late Miocene). 
3.1.2 Lithostratigraphy of the Late Triassic sequence
)RFXVLQJ RQ WKH /DWH7ULDVVLF WKH&DUQLDQ WR1RULDQ5KDHWLDQ LV GRPLQDWHG E\
hemipelagic carbonatic sedimentation (Calcari con Selce), increasing in siliceous 
VHGLPHQWDWLRQ DURXQG WKH 1RULDQ5KDHWLDQ ERXQGDU\ ,QWHUYDOOR GL 7UDQVL]LRQH
7UDQVLWLRQDO ,QWHUYDO 0LFRQQHW  DQG SDVVLQJ WR WKH 6FLVWL 6LOLFHL LQ WKH
5KDHWLDQ+HWWDQJLDQ)LJ
The Calcari con Selce is made of limestones and marly limestones, usually silicized 
towards the end of the succession, with chert nodules and bends, interbedded with 
GDUN JUHHQLVK RU UHGGLVK VKDOHV /LPHVWRQHV DUH PDLQO\ PXGVWRQHZDFNHVWRQH
VRPHWLPHV SDFNVWRQH ZLWK UDGLRODULDQV DQG ELYDOYHV HJ 5LJR HW DO D
7KLFNEDQNVRIJUH\FDOFDUHQLWHDUHFRPPRQLQSUR[LPDOVXFFHVVLRQVVRPHWLPHV






































(e.g. Prinsiosphaera 'L 1RFHUD DQG 6FDQGRQH  %RZQ  3UHWR HW
DO 0LFRQQHW  VXJJHVW D VXEPDULQH GHOWD DV WKHPDLQ GHSRVLWLRQDO
HQYLURQPHQW RI WKH FDUERQDWLF VHTXHQFHV RI WKH /DJRQHJUR ,Q IDFWV LQVLGH
FDOFDUHQLWH LVFRPPRQWR¿QG¿QLQJXSZDUG OD\HUVVLPLODU WR WKHTa layers of a 
%RXPD WXUELGLW\ VHTXHQFH7KHERXQGDU\ZLWK WKHXQGHUO\LQJ0RQWH)DFLWR)P
LVQRWZHOOGH¿QHGDQGFRQVLGHUHGGLDFKURQRXVIURPWKHXSSHU/DGLQLDQ0LHWWR
DQG 3DQ]DQHOOL )UDWRQL  5LJR HW
DO  WR WKH ORZHUPLGGOH &DUQLDQ
0LFRQQHW0DUVHOODHWDO
The passage to the overlying Scisti 
Silicei is gradual, with the increase 
of terrigenous sediments, with few 
cherty limestone layers and abundant 
red shales, red cherts and radiolarites 
7UDQVLWLRQDO ,QWHUYDO $PRGHR 
7RH[SODLQWKLVFKDQJHRIVHGLPHQWDWLRQ
PDQ\ FDXVHV VKRXOG EH LQYRNHG D
decrease in carbonate supply from the 
nearby platforms, a deepening of the 
basin below the Calcite Compensation 

















LQ WKH3LJQROD$EULRODVHFWLRQZKLOH LW LVHDVLO\ UHFRJQL]HG LQ WKH0W9ROWXULQR
section.




with interbedded shaley levels (Calcari con Selce), characterized by a detailed 
FRQRGRQWV DQG UDGLRODULDQV ELRVWUDWLJUDSK\ 7KLV VHFWLRQ LQFOXGHV WKH 1RULDQ
5KDHWLDQERXQGDU\ZHOOGH¿QHGE\WKH)2RIFRQRGRQWMisikella posthernsteini and 
supported by the concurrent radiolarian biostratigraphy (base of the Proparvicingula 
moniliformis =RQH0RUHRYHU WKH ORZ&RQRGRQW$OWHUDWLRQ ,QGH[ &$,   
*LRUGDQRHWDOLQGLFDWHWKDWWKHVXFFHVVLRQLVSUHVHUYHGE\WKHUPDOVWUHVVWKDW
PDNHWKHVHFWLRQVXLWDEOHIRUSDOHRPDJQHWLFDQDO\VHV7KHVHFKDUDFWHULVWLFVPDNH
WKH 3LJQROD$EULROD VHFWLRQ YHU\ XVHIXO IRUP\ DWWHPSW RIPDJQHWRVWUDWLJUDSKLF
integration of the Rhaetian.
7KH3LJQRODVHFWLRQLVDVXFFHVVLRQRISHODJLFFKHUW\OLPHVWRQH&DOFDULFRQ6HOFH
covering the middle Carnian, at the passage from Julian to Tuvalian substages. The 
section is characterized by a detailed conodonts and palynomorphs biostratigraphy 
DQGE\DORZ&$,5LJRHWDO7KHVHFWLRQUHFRUGVWKH&DUQLDQ3OXYLDO
(YHQW DV D  PWKLFN JUHHQ FOD\H\ DQG UDGLRODULWLF LQWHUYDO 5DGLRPHWULF 83E
DJHRI0DZDVREWDLQHGIURPRQHRI WKHDVKEHGV LQVLGH WKLVJUHHQ
LQWHUYDO $JOLDQLFRDVKEHG)XULQHWDO&RQVLGHULQJ WKHUDGLRPHWULFDQG
biostratigraphic constraints, the paleomagnetic investigation of this section could 
provide a valid contribution to the magnetostraigraphy of the Carnian.
3.2 DOLOMITES (NORTHERN ITALY)
3.2.1 Structural Framework
The Dolomites are a mountain group covering the areas of Belluno, Trento and 
Bolzano (Northern Italy). Their name derives from the French geologist Déodat de 
Dolomieu, discoverer of the mineral dolomite in the Adige Valley, on the western 
Dolomites. The Dolomites rose rapidly during the Pliocene-Pleistocene because of the 
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glacial phases. Dolomites are located in the central part of the Southern Alps, a 
south-vergent belt not affected by metamorphism (e.g. Castellarin and Doglioni, 
1985). This area is limited northward by the Insubric Line (dextral transpressive) 
and southward by the Valsugana Thrust (e.g. Doglioni, 1987; Castellarin et al., 1998). 
As the rest of the Alps, the Dolomites was part of the African continental margin in 
Tethys (Ziegler, 1988; Dercourt et al., 1993). Sedimentary record covers the Permian 
to Cretaceous interval and the slight deformation affecting the area did not disrupt 
most of the sedimentary frameworks (De Zanche et al., 1993; Gianolla et al., 1998a). 
The Late Triassic is well preserved and represented by carbonatic sedimentation in 
platform and basin in the very early part, that leads to a flatten topography in late 
Carnian and Norian (Fig. 3.4), with the development of anoxic intraplatform basins 
in the Norian and Rhaetian (e.g. De Zanche et al., 1993; Gianolla et al., 1998a; Neri 
HWDO 
3.2.2 Lithostratigraphy of the Late Triassic sequences
7KH /DWH7ULDVVLF VHTXHQFHV LQ FHQWUDO 'RORPLWHV UHSUHVHQW WKH UHFRYHU\ RI WKH
carbonate sedimentation after the Ladinian crisis due to intense volcanism (e.g. De 
Zanche et al., 1993). 
&DVVLDQSODWIRUPVHJ/HRQDUGL%RVHOOLQL'H=DQFKHHWDO
%RVHOOLQL HW DO  DUH LQWHQVLYHO\ GRORPLWL]HG EXW WKH GHSRVLWLRQDO PDFUR
structures (geometry, different paleoenvironments) are still well recognizable (e.g. 
*LDQROODHWDO,QIRUPDWLRQDERXWWKHFKDUDFWHULVWLFVRIWKHSODWIRUPPDUJLQV
derives from the deposits and the olistoliths in the coeval San Cassiano Formation 
HJ*LDQROODHWDO7KHSODWIRUPPDUJLQZDVSUREDEO\PDGHRIELRJHQLF
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reefs (boundstone dominated by microbialitic automicrite, with colonial corals) 
FURVVERXQGHGZLWKFDOFDUHQLWLFVKRDOV7KHLQWHUQDOODJRRQVKRZVSHULWLGDOF\FOHV
ZLWKVXEWLGDO¿QHJUDLQHGFDUERQDWHVDOWHUQDWHGWRVWURPDWROLWHVWHSHHVDQGSLVROLWLF
beds of supratidal environment. 
7KH 6DQ &DVVLDQR )RUPDWLRQ LV D EDVLQDO VHTXHQFH RI FDOFDUHQLWHV PDUOV DQG




SURJUDGLQJ &DVVLDQ SODWIRUPV LH RROLWKLFELRFODVWLF WXUELGLWHV 7KH TXDQWLW\
of volcaniclastic terrigenous mainly depends on the paleogeography: the higher 
contents of volcaniclastic sediments are near the old volcanic areas. 
)LJXUH  /LWKRVWUDWLJUDSKLF
scheme of the San Cassiano Fm to the 






coastline starts prograding fast (as suggested by the decreasing of the platforms 
VORSH DQJOH7KH+HLOLJNUHX] )P LV LQ FRQFRUGDQFHZLWK WKH 6DQ&DVVLDQR )P
and in onlap to the Cassian platforms, sometimes overlapping the platform top in 
GLVFRIRUPLW\LQWKLVFDVHVWKHSODWIRUPWRSVKRZVNDUVWHURVLRQ7KH+HLOLJNUHX]
)PLVGLYLGHGLQWKUHHPHPEHUV1HULHWDO)LJ
x %RUFD 0HPEHU GRORPLWLF OLPHVWRQH DUHQLWLF GRORVWRQH DQG DUHQLWHV
commonly interbedded with thin shale layers. Limestones dominate the base
RIWKHPHPEHUZKHUHDVWKHWRSLVPDGHRIZHOOVWUDWL¿HGGRORVWRQHVZLWK
marly layers in peritidal cycles (with stromatolites), ending with paleosoils.
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x Dibona sandstones Member: conglomerates, sandstones and pelites,
interbedded with limestones. Remains of plants are abundant, sometimes in
thin coal layers.
x Lagazuoi Member: arenaceous dolostone, sandstones with carbonatic
FHPHQWRROLWKLFELRFODVWLFGRORPLWLFDUHQLWHVFDOFDUHQLWHV





Formation records the passage from a relative 
KXPLG SHULRG +HLOLJNUHX] )RUPDWLRQ WR DQ
arid period. The contact with the underlying 
+HLOLJNUHX])RUPDWLRQLVVKDUSMXVWDERYHWKH
Lagazuoi Mb. The Travenanzes Fm is made of 
PL[HGFDUERQDWLFVLOLFLFODVWLFVHGLPHQWVZLWK
marly levels at the base, passing to mainly 
siliciclastic sedimentations (shales, pelites, 
¿QHDUHQLWHVZLWKOHYHOVRIHYDSRULWHVPDLQO\
primary dolomite) indicating an arid lagoon 
HQYLURQPHQW VDENKDW\SH HJ%UHGDHWDO
%UHGDDQG3UHWR7KHSDVVDJHWR
overlying Dolomia Principale is gradual, with 
an increase of carbonatic levels, dominated by 
GRORPLWLF SHULWLGDO F\FOHV RI FDUERQDWH WLGDO
ÀDW DQG VKDOORZ ODJRRQ HQYLURQPHQWV HJ
)LJXUH  6HTXHQFH RI WKH &DUQLDQ LQ
WKH 7RIDQH DUHD ZLWK WKH VXEGLYLVLRQ RI
WKH+HLOLJNUHX])P LQ WKH%RUFD'LERQD




dolomitic limestones, outcropping from western Lombardy to western Slovenia 
HJ%RVHOOLQLDQG+DUGLH7KH'RORPLD3ULQFLSDOHGHSRVLWHGLQDVKDOORZ
water environment, far away from coastline and controlled by constant subsidence 
SHUVLVWLQJIRUVHYHUDOPLOOLRQ\HDUVLQVRPHDUHDVIRUDOOWKH1RULDQ7KHVHTXHQFH
recorded peritidal cycles, made of grainstones with bivalves and gastropods passing 
to massive dolostones with Megalodon and Worthenia (subtidal facies), thin layers 
of stromatolitic dolostones (intertidal to supratidal facies), sometimes overlaid by a 
SHGRJHQHWLFOHYHOZLWKWHSHHVWUXFWXUHVVXSUDWLGDOIDFLHV*LDQROODHWDOD
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3.2.3 Section of interest
For paleomagnetic investigations I chose the Dibona section from the Dolomites, in 
RUGHUWRFKHFNDQGLQWHJUDWHWKHPDJQHWRVWUDWLJUDSK\RIWKHFRHYDO3LJQRODVHFWLRQ
7KH 'LERQD VHFWLRQ LV D VKDOORZPDULQH VXFFHVVLRQ UHSUHVHQWHG E\ OLPHVWRQHV
ZLWK¿QH WR FRDUVHJUDLQHG VDQGVWRQHVDQG VKDOHV +HLOLJNUHX])PRYHUOLHGE\
OLPHVWRQHVZLWKLQWHUEHGGHGVKDOHVWKDWSDVVTXLFNO\WRDVKDOHGRPLQDQWVHTXHQFH
with interbedded limestones and evaporites (Travenanzes Fm). The section is 
FKDUDFWHUL]HG E\ SDO\QRPRUSKV ELRVWUDWLJUDSK\ FRPSDUDEOH ZLWK WKH 3LJQROD
record.
3.3 WOMBAT PLATEAU (NORTHWESTERN AUSTRALIA)
3.3.1 Geological setting
7KH:RPEDW3ODWHDXLVORFDWHGLQWKH,QGLDQ2FHDQaNPIURPWKHQRUWKZHVWHUQ








Cretaceous, and then, after an unconformity, from Rhaetian to Carnian (Late Triassic). 
The variation in lithology reveals a passage between different environments, with 
IDFLHVW\SLFDORIGHOWDVKDOORZPDULQHDQGWLGDOÀDWZKHUHVHGLPHQWDWLRQLVERWK
carbonatic and siliciclastic.
7KH/DWH7ULDVVLFSRUWLRQVRI WKH/HJVLWHVKDYHDVXI¿FLHQW UHFRYHU\ LQ WKH
Carnian and early Norian sediments, whereas in the late Norian and Rhaetian part 
PRVWRIWKHPDWHULDOKDVEHHQORVW+HUHDUHEULHÀ\SUHVHQWHGWKHIHDWXUHVRI6LWHV
DQGZKLFKZLOOEHGLVFXVVHGLQGHWDLOLQWKHUHVSHFWLYHFKDSWHUV
3.3.2 Sections of interest
,QWKH:RPEDW3ODWHDX,FKRVHWKUHH6LWHVIRUP\SDOHRPDJQHWLFDQDO\VHV
and 761. These three sites cover the upper Carnian to middle Rhaetian interval, 
which means a potential magnetostratigraphic record for the great part of the Late 
Triassic.
6LWH&DUQLDQ1RULDQ
Shales and siltstones, with some intercalations of arenite and limestone, are 
representative of the lower part of the site (Carnian). Moving upward, the 
limestone levels increase and become dominant in the upper part of the Norian 
SRUWLRQRIWKHVLWH/LPHVWRQHVDUHPDLQO\PXGVWRQHVDQGZDFNHVWRQHVVRPHWLPHV
SDFNVWRQHVFRQWDLQLQJSHORLGVFDOFDUHRXVOLWKRFODVWVVNHOHWDOIUDJPHQWVPROOXVN
shells, echinoids ossicles, green algae), oncoids, and mudstone intraclasts. Also 
benthic foraminifers are present and often micritized. Most of the mudstones and 




) is also present in the deepest cores (Carnian), in layers 











In this site, limestones are concentrated in the youngest Rhaetian cores. White and 
SDOH EURZQ OLPHVWRQHV EHFRPH GDUN JUH\EODFN LQ FRORU LQ WKH ORZHU 5KDHWLDQ
ZKHUHUK\WKPLFDODOWHUQDWLRQVZLWKFDOFDUHRXVFOD\VWRQHVDUHIUHTXHQW,QWKHEDVDO
5KDHWLDQ DQG XSSHU1RULDQ GDUN WR EODFN FDUERQDFHRXV FOD\VWRQHV DUH WKHPDLQ
lithology, with subordinate crinoidal limestones in the Rhaetian. In the Norian silty 
FOD\VWRQHVDUHDOVRIUHTXHQWZLWKFRDOOHYHOV








Figure 3.8: Stratigraphic sequence 
of Pelagonian Domain (from 
5RPDQRHWDO





been metamorphosed or intensely tectonized. 
3.4.2 Section of interest
2QHRIWKHIHZZHOOSUHVHUYHG7ULDVVLF-XUDVVLF
portion of the platform is represented by the 
Mount Messapion section, located in the area of 
&KDONLGDLQWKHHDVWHUQSDUWRIFHQWUDO*UHHFH
The section is a ~710 meters Late Triassic 
± (DUO\ -XUDVVLF VHTXHQFH RI OLPHVWRQHV
dolomitic limestones and dolomites (Fig. 3.9). 
7KH ZKROH VHFWLRQ LV D SLOH RI VKDOORZLQJ
XSZDUGSHULWLGDOF\FOHV5RPDQRHWDO
The Mt. Messapion section has been subdivided 
LQ WKUHHXQLWV$%&EDVHGRQVHGLPHQWDU\
structures and fossil content (Fig. 3.9):
x 8QLW $ ±  PHWHUV PHWHUVFDOH
shallowing upward peritidal cycles, 
ELRFODVWLFLQWUDFODVWLF ZDFNHVWRQHV
SDFNVWRQHV ZLWK UDUH 0HJDORGRQWLGV
(subtidal) passing gradually into 
laminated loferites (supratidal) with 
irregular and laminoid fenestrae.
x 8QLW % ±  PHWHUV SHULWLGDO F\FOHV
VLPLODU WR WKRVH GHVFULEHG LQ 8QLW $
The differences are the tepee structure 
inside the supratidal levels.
x 8QLW & ±  PHWHUV SHULWLGDO F\FOHV
ZLWK WHSHH VWUXFWXUHV DQG ZLWK ZHOO
developed microbial intervals in the 
)LJXUH6WUDWLJUDSK\RI0RXQW0HVVDSLRQ
VHFWLRQ IURP 5RPDQR HW DO  7KH
bracketed bar represent the investigated 
area.
LQWHUVXSUDWLGDO SDUW RI WKH F\FOHV 8QLW & LV VXEGLYLGHG LQ VXEXQLWV &
PHWHUVDQG&PHWHUV6XEXQLW&LVGLIIHUHQWIURP&IRUWKH
absence of Megalodontids and bioturbation, and for the gradual enrichment 
LQ RROLWLF ELRFODVWLF JUDLQVWRQHVSDFNVWRQHV ZLWK EHQWKLF IRUDPLQLIHUD
green algae, gastropods and bivalves.





INVESTIGATION ON SELECTED TETHYAN 
MARINE SECTIONS
4.1 RHAETIAN
$V H[SODLQHG LQ&KDSWHU 5KDHWLDQ LV DIIHFWHG E\ XQFHUWDLQWLHV DERXW LWV EDVH
PDLQO\ GXH WR WKH GLIIHUHQW DQG PRVWO\ GLVFRUGDQW PDUNHUV XVHG WR SODFH WKH
1RULDQ5KDHWLDQERXQGDU\LQVWUDWLJUDSKLFVHFWLRQV7KHIROORZLQJ7HWK\DQPDULQH
sections have been analyzed for magnetostratigraphy in order to contribute to the 
resolution of this problem.
4.1.1 Pignola-Abriola section (from 0DURQHWDO*6$%XOOHWLQY p. 
VHH$WWDFKHGSXEOLFDWLRQV)
Here are presented new biostratigraphic, magnetostratigraphic, and 





































































,WDO\ 7KHPDLQ VHFWLRQ $ FURSV RXW RQ WKH ZHVWHUQ ÀDQN RI0RXQW &URFHWWD DORQJ WKHPDLQ URDG 63
FRQQHFWLQJWKHWRZQVRI3LJQRODDQG$EULRODƍƎ1ƍƎ(ZKHUHDVWKHDX[LOLDU\VXEVHFWLRQ
% FURSV RXW FORVH WR DQXQXVHG UDLOZD\ WXQQHO ORFDWHGaPEHORZ WKH 63 URDG OHYHO ƍƎ1
ƍƎ(
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records the FAD of Misikella posthernsteini, occurring in the lower Proparvicingula 
moniliformisUDGLRODULDQ]RQH*LRUGDQRHWDO,GDWHWKHVHHYHQWVE\PHDQV
RIPDJQHWRVWUDWLJUDSKLF FRUUHODWLRQZLWK WKH1HZDUN$376ZKLOH DGGUHVVLQJ LQ
GHWDLOWKHWD[RQRPLFFRPSOH[LWLHVYH[LQJWKHXVHRIWKHFRQRGRQWM. posthernsteini 
DVSUR[\IRUWKH1RULDQ5KDHWLDQERXQGDU\OHYHO,DOVRLOOXVWUDWHWKHRFFXUUHQFHRI
a prominent negative į13C
org
H[FXUVLRQDWPHWHUOHYHOaPEHORZWKH)$'
of M. posthernsteini (within the base of the P. moniliformis zone), which serves as 
DXVHIXOJHRFKHPLFDOSUR[\IRUWKH1RULDQ5KDHWLDQERXQGDU\OHYHO
*HRORJLFDO6HWWLQJ
7KH 3LJQROD$EULROD VHFWLRQ FURSV RXW RQ WKH ZHVWHUQ VLGH RI0RXQW &URFHWWD
DORQJWKHURDG63FRQQHFWLQJWKHYLOODJHRI3LJQRODWR$EULROD3RWHQ]DVRXWKHUQ




¶´1 ¶´(7KH VWUDWLJUDSKLF VHTXHQFH LV FRPSRVHG RI WKH




Formation consists of thinly bedded cherty hemipelagic to pelagic limestones 
PXGVWRQHVZDFNHVWRQHVDQGUDUHSDFNVWRQHVLQWHUEHGGHGZLWKVKDOHVDQGPDUOV
with common radiolarians, conodonts, and sporadic bivalves. The lower part of the 
































































































































































































































































































































































































































































































































































































































































and pyritized radiolarians. Here, I present an updated conodont and radiolarian 
ELRVWUDWLJUDSK\)LJDIWHUUHFHQWELRVWUDWLJUDSKLFGDWDSXEOLVKHGE\5LJRHWDO
%D]]XFFKLHWDODQG*LRUGDQRHWDO





 the FO of Misikella hernsteini DWPHWHU  DVVRFLDWHGZLWK WKH )2 RI
Parvigondolella andrusovi
3. the FO of the Misikella hernsteini/posthernsteini PRUSKRFOLQHDWPHWHU
4. the FO of Misikella buseriDWPHWHU
 the FAD of Misikella posthernsteini DW PHWHU  LQ VDPSOH 3,* LQ
association with Misikella koessenensisDQG 
6. the FO of Misikella ultimaDWPHWHU
The  radiolarian  associations  are  well  preserved and conform to the biozonation 
proposed by Carter (1993):
1. 6DPSOH35DWPHWHU\LHOGHGDUDGLRODULDQDVVHPEODJHUHIHUDEOHWRWKH
Betraccium deweveri zone (Carter, 1993) and consisting of Betraccium 
deweveri 3HVVDJQR DQG %ORPH Praemesotaturnalis gracilis Kozur and 
Mostler, Tetraporobrachia sp. aff. T. composita Carter, Ayrtonius elizabethae 
Sugiyama, Citriduma sp. A sensu Carter (1993), *OREROD[WRUXP sp. cf. 
*KXOODH Yeh and Cheng, Lysemela sp. cf. L. olbia Sugiyama, Livarella 
valida Yoshida and Livarella VS VHQVX &DUWHU  *LRUGDQR HW DO
DVLPLODUDVVHPEODJHZDVIRXQGDOVRLQVDPSOH35DWPHWHU
3ODWHIROORZLQJSDJH6FDQQLQJHOHFWURQPLFURVFRSH6(0PLFURJUDSKVRI8SSHU1RULDQDQG5KDHWLDQ





Tetraporobrachia sp. aff. T. composita&DUWHUVDPSOH35²Ayrtonius elizabethae6XJL\DPDVDPSOH35
²CitridumaVS$VHQVX&DUWHUVDPSOH35²*OREROD[WRUXPsp. cf. *KXOODH<HKDQG&KHQJ
VDPSOH35²Lysemela sp. cf. L. olbia6XJL\DPDVDPSOH35²Livarella valida<RVKLGDVDPSOH35
²LivarellaVSVHQVX&DUWHUVDPSOH35²Fontinella primitiva&DUWHUVHFWLRQVDPSOH3$








DQGVDPSOH35DWPHWHU7KHSUHVHQFHRI*OREROD[WRUXP sp. cf. *
hullae Yeh and Cheng in this assemblage is atypical, because the genus 





for the presence of Fontinella primitiva Carter, Praemesosaturnalis sp. cf. P. 
sandspitensis%ORPH*OREROD[WRUXP sp. cf. *KXOODH Yeh and Cheng, and 
Livarella densiporata.R]XUDQG0RVWOHU%D]]XFFKLHWDO*LRUGDQR
HWDO
7KH 1RULDQ5KDHWLDQ ERXQGDU\ LV FRQYHQWLRQDOO\ SODFHG LQ VWUDWLJUDSKLF OHYHOV
where the FAD of Misikella posthernsteiniLVGRFXPHQWHG.U\VW\QZKLFK
is a phylogenetic descendent of M. hernsteiniHJ0RVWOHUHWDO.R]XUDQG
0RFN*LRUGDQRHWDO7KHWUDQVLWLRQIURPGURSVKDSHGWRKHDUWVKDSHG
basal cavity along with a reduction of the number of blade denticles characterize 
the evolution of the M. hernsteini/posthernsteini PRUSKRFOLQH *LRUGDQR HW DO
6SHFLPHQVFKDUDFWHUL]HGE\DQHYLGHQWIXUURZRQWKHEDFNVLGHRIWKHFXVS
DQG WKHDVVRFLDWHG LQÀHFWLRQRI WKHSRVWHULRUPDUJLQRI WKHEDVDOFDYLW\DUHKHUH
considered Misikella posthernsteiniVHQVXVWULFWRDVVXJJHVWHGE\*LRUGDQRHWDO
$W3LJQROD$EULRODWKHSUHVHQFHRIWKHMisikella hernsteini/posthernsteini 
morphocline, as well as the presence of the FAD of M. posthernsteini sensu stricto 
PVDPSOH3,*SURYLGHDUHOLDEOHDQGFRQWLQXRXVELRVWUDWLJUDSKLFVLJQDO
)XUWKHUPRUHLQWKH3LJQROD$EULRODVHFWLRQWKHFRQRGRQWMisikella  posthernsteini 
sensu stricto appears 4 m above the base of radiolarian Proparvicingula moniliformis 











capsules and analyzed for their isotopic composition. The analyses were carried out 
XVLQJD*9,,VRSULPHFRQWLQXRXVÀRZLVRWRSHUDWLRPDVVVSHFWURPHWHU&),506
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mixture of hematite and magnetite. See text for discussion.
 WR D ODUJHGHFUHDVH WRa±ÅZDV UHFRUGHG IRUPHWHU WRPHWHU
LPPHGLDWHO\IROORZHGE\DUDSLGUHWXUQWRKLJKHUYDOXHVa±ÅaFPDERYH$
VXEVHTXHQWGHFUHDVHRIaÅLVUHFRUGHGDW PHWHUFORVHWRWKHOHYHOFRQWDLQLQJ
the FO of Misikella ultima)LJ1RWDEO\WKHORZį13C
org
RIa±ÅDWPHWHU
LVMXVWEHORZWKHOHYHOFRQWDLQLQJWKH)$'RIMisikella posthernsteini sensu 




magnetic properties were studied on a representative set of samples by means of 










4.3A). IRM curves of these samples show no tendency to saturate even at applied 
¿HOGVRI7)LJ%7KHFXPXODWLYHORJ*DXVVLDQ&/*DQDO\VLV.UXLYHU
HW DO  UHYHDOV WKHSUHVHQFH LQ WKHVH VDPSOHVRI WZRPDJQHWLFSKDVHVZLWK
FRQWUDVWLQJFRHUFLYLWLHVDKLJKFRHUFLYLW\SKDVHZLWKFRHUFLYLW\RIUHPDQHQFH%) 
  ±7ZKLFK DFFRXQWV IRU a±RI WKH ,50 DQG D VXERUGLQDWH ORZ
FRHUFLYLW\SKDVHZLWK% = 0.1 T, which accounts for the reminder of the IRM 
(Fig. 4.4). The presence of higher amounts of (detrital) hematite in the upper part of 
the section may correlate with the increase in terrigenous input (shales and marls) 
REVHUYHGLQWKHXSSHUSDUWRIWKHVHFWLRQ)LJ
IRM COMPONENT ANALYSIS
Squared residuals S-ratio calculated
LAP 3,85E+00 -IRM-0.3T/IRM1T -0,127
GAP 9,09E+02 (1-IRM-0.3T/IRM1T)/2 0,437
SAP 6,98E+00
component contribution SIRM log(B1/2) B1/2 DP
% A/m mT mT mT
1 14,5 1,10E+01 2,00 100,0 0,40
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Squared residuals S-ratio calculated
LAP 3,85E+00 -IRM-0.3T/IRM1T 0,326
GAP 9,09E+02 (1-IRM-0.3T/IRM1T)/2 0,663
SAP 6,98E+00
component contribution SIRM log(B1/2) B1/2 DP
% A/m mT mT mT
1 42,9 6,00E+00 2,00 100,0 0,70
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Squared residuals S-ratio calculated
LAP 3,85E+00 -IRM-0.3T/IRM1T 0,412
GAP 9,09E+02 (1-IRM-0.3T/IRM1T)/2 0,706
SAP 6,98E+00
component contribution SIRM log(B1/2) B1/2 DP
% A/m mT mT mT
1 21,6 2,20E+00 2,00 100,0 0,48
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7KHVDWXUDWLRQPDJQHWL]DWLRQ6,50WKHFRHUFLYHIRUFH%1/2) and the dispersion parameter (DP) are listed 
for each magnetic component.
7KH QDWXUDO UHPDQHQW PDJQHWL]DWLRQ 150 RI VDPSOHV PHDVXUHG RQ D *
(QWHUSULVHV'&648,'FU\RJHQLFPDJQHWRPHWHU LVRQDYHUDJHP$P$OO
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GNM 20 GNM 33























































IN SITU  Tick = .01 mA/m





GHPDJQHWL]DWLRQGLDJUDPV)LJ Zijderveld, 1967). After removal of spurious 
PDJQHWL]DWLRQV EHWZHHQ URRP WHPSHUDWXUH DQG a±& D FKDUDFWHULVWLF
UHPDQHQW PDJQHWL]DWLRQ &K50 ZDV LVRODWHG XS WR ±& PD[LPXP RI
&LQaRIWKHVDPSOHV1 &K50GDWDLQ$SSHQGL[$DQGIRXQG
WREHEURDGO\RULHQWHGHLWKHU1DQGGRZQRU6DQGXSLQWLOWFRUUHFWHGFRRUGLQDWHV
)LJ  7KHVH &K50 FRPSRQHQW GLUHFWLRQV DUH GLVWULEXWHG LQ WLOWFRUUHFWHG
Mean directions from the Pignola-Abriola section  
   IN SITU TILT-CORRECTED
Comp.             N         k     D95      Dec.       Inc.           k      D95        Dec.         Inc.       Inc.Corr.       Inc. Corr.          f
                                     max.       min.   
ChRM          121     8.2   4.8°   210°E   -71.5°      8.4   4.7°    195.9°E    -32.5°      47.7°      53.7°      39.0°   0.6 
Paleomagnetic pole, paleolatitude and rotation from Tilt Corrected Filtered ‘Ch’ directions, corrected
for inclination flattening
 
Lat.          Long.          A95            Paleolatitude           Paleolatitude            Rotation 
                                                                                                                         max.        min. 
        72.5°N        143.0°E        4.0°                 28.8°N              34.2°N     22.0°N        32.8° CW 
Note:  
Comp.: paleomagnetic component      N: number of samples       k, Į95: Fisher statistics parameters 
Dec.: mean declination    Inc.: mean inclination    Inc. corr.: mean inclination corrected for inclination flattening 
f: flattening factor     Lat.: Latitude     Long.: Longitude     A95: circular confidence limit    Rotation: tectonic rotation 
of the site (relative to the 201 Ma Adria-Africa reference paleopole of Muttoni et al., 2013) 
TABLE 4.1: PALEOMAGNETIC DIRECTIONS AND POLE FROM THE PIGNOLA-ABRIOLA SECTION 
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FRRUGLQDWHVDURXQGDQRYHUDOOPHDQRI'HF (,QF N Į = 
1 7DEOH1RIROGWHVWFRXOGEHSHUIRUPHGEHFDXVHRIWKHKRPRFOLQDO
bedding tilt of the section, whereas the reversal test (McFadden and McElhinny, 
ZDVSRVLWLYH%DVHGRQWKHVHUHVXOWVDQGWKHFRQVLVWHQWPDJQHWRVWUDWLJUDSKLF
correlations with sections from the literature, as discussed later herein, we regard the 
&K50FRPSRQHQWDVSULPDU\LQRULJLQ,FKHFNHGWKH&K50FRPSRQHQWGLUHFWLRQV
IRU VHGLPHQWDU\ LQFOLQDWLRQ VKDOORZLQJ GXH WR VHGLPHQWDU\ DQGRU FRPSDFWLRQ









characteristic remanent magnetization 
(ChRM) component directions 
isolated at Pignola-Abriola for in 
situ (geographic) and tilt-corrected 






$ YLUWXDO JHRPDJQHWLF SROH 9*3 ZDV FDOFXODWHG IRU HDFK &K50 FRPSRQHQW
GLUHFWLRQLQWLOWFRUUHFWHGFRRUGLQDWHV7KHODWLWXGHRIWKHVDPSOH9*3UHODWLYHWR
WKHQRUWKSROHRI WKHSDOHRPDJQHWLF D[LVZDVXVHG IRU LQWHUSUHWLQJ WKHPDJQHWLF
SRODULW\VWUDWLJUDSK\ZKHUH9*3ODWLWXGHVDSSURDFKLQJRU±DUHDWWULEXWHG
WR QRUPDO RU UHYHUVH SRODULW\ UHVSHFWLYHO\$Q RYHUDOO VHTXHQFH RI ¿YH SRODULW\
PDJQHWR]RQHVODEHOHGIURPPDJQHWR]RQH03$WR03$ZDVHVWDEOLVKHGVWDUWLQJ
DWWKHEDVHRIWKHVHFWLRQ)LJ(DFKPDJQHWR]RQHZDVVXEGLYLGHGLQWRDORZHU
predominantly normal and an upper, predominantly reverse portion, in which 
submagnetozones can be embedded. No obvious relation was observed between 
62
magnetic polarity stratigraphy and the magnetic mineralogy of the samples. The 






Correlations with Tethyan Sections from the Literature
7KHPDJQHWRVWUDWLJUDSK\RI WKH3LJQROD$EULROD VHFWLRQ LV FRPSDUDEOHZLWK WKDW
RI WKH6WHLQEHUJNRJHO VHFWLRQ +VLQJHW DOZKLFKDWSUHVHQW LV WKHRQO\
JOREDO ERXQGDU\ VWUDWRW\SH VHFWLRQ DQG SRLQW *663 FDQGLGDWH for the base of 
WKH5KDHWLDQ6WDJH .U\VW\QHWDODEDVVXPLQJ WKDW WKHRFFXUUHQFH
of conodont Misikella posthernsteiniDW6WHLQEHUJNRJHOSODWHLQ.U\VW\QHWDO
D LVHTXLYDOHQW WR WKH)2RIMisikella hernsteini/posthernsteini transitional 
IRUPV DW 3LJQROD$EULROD VHQVX *LRUGDQR HW DO  +HQFH WKH PDLQ
UHYHUVDO SRUWLRQ RI WKH 6WHLQEHUJNRJHO PDJQHWRVWUDWLJUDSK\ IURP PDJQHWR]RQH
67%± WR PDJQHWR]RQH 67+± DW 6WHLQEHUJNRJHO 67.$ VHFWLRQ HTXLYDOHQW
WR 67%± WR 67+± DW 6WHLQEHUJNRJHO 67.%& VHFWLRQ KDV EHHQ FRUUHODWHG
WR PDJQHWR]RQHV 03$U WR 03$U RI WKH 3LJQROD$EULROD VHFWLRQ )LJ 
$OVRSDUWRIWKHPDJQHWRVWUDWLJUDSK\RIWKH2\XNOXVHFWLRQ*DOOHWHWDO
IURP PDJQHWR]RQH 2\%± WR 2\'± LV FRPSDUDEOH ZLWK 03$U WR 03$U RI
WKH 3LJQROD$EULROD VHFWLRQ DQG ZLWK 67'± WR 67+± RI WKH 6WHLQEHUJNRJHO
VHFWLRQ)LJ)XUWKHUPRUH WKH ORZHUSRUWLRQRI WKH3LJQROD$EULRODVHFWLRQ
is magnetostratigraphically correlated with the upper part of the Pizzo Mondello 
VHFWLRQ0XWWRQLHWDO8VLQJWKHXSGDWHGELRVWUDWLJUDSKLFFDOLEUDWLRQRIWKH
3L]]R0RQGHOORPDJQHWRVWUDWLJUDSK\0D]]DHWDO magnetozones MPA1n 
WR03$Q DW 3LJQROD$EULROD KDYH EHHQ FRUUHODWHG WR PDJQHWR]RQHV 30Q WR
30QDW3L]]R0RQGHOOR)LJ0RUHRYHUGDWDIURP3LJQROD$EULRODKDYH
EHHQFRPSDUHGZLWKWKHPDJQHWRELRVWUDWLJUDSK\RIWKH%UXPDQRDQG,WDOFHPHQWL
4XDUU\VHFWLRQV /RPEDUGLDQ%DVLQ VRXWKHUQ$OSV ,WDO\ZKLFKHQFRPSDVVHVD
portion of the Rhaetian (with specimens attributed to MisikellaXSWRWKH7ULDVVLF
-XUDVVLFERXQGDU\DVGH¿QHGE\SROOHQV0XWWRQLHWDO$ZDLWLQJIRU
DIRUPDOUHGH¿QLWLRQRIWKHMisikellaVSHFLPHQVLQWKH%UXPDQRVHFWLRQIROORZLQJ
WKHQHZGH¿QLWLRQRIMisikella posthernsteini sensu stricto adopted in this study 
DIWHU*LRUGDQRHW DO ZH VWUHVV WKDW DOOMisikella VSHFLPHQVDW%UXPDQR
RFFXUEHORZWKHUHFRYHUHGPDJQHWRVWUDWLJUDSK\0XWWRQLHWDODQG




























































































































































































































































































































































































































































































































































































































































































































sensu lato (s.l.) and attributed to the 0KHUQVWHLQLSRVWKHUQVWHLQL³WUDQVLWLRQDO IRUPV´ VHQVX*LRUGDQRHW
DO.H\ELRVWUDWLJUDSKLFHYHQWVDW3L]]R0RQGHOORDUHDIWHU0D]]DHWDO7KH3LJQROD$EULROD
VHFWLRQLVFRUUHODWHGWRWKH1HZDUNDVWURFKURQRORJLFDOSRODULW\WLPHVFDOH$376OHIWFROXPQXVLQJSUHIHUUHG
FRUUHODWLRQ RSWLRQ  7KH ORZHUULJKW SDQHO VKRZV WKH GHULYHG DJHPRGHO RI VHGLPHQWDWLRQ IRU 3LJQROD
Abriola with an increase in sedimentation rate in the upper part of the section where the terrigenous input is 
KLJKHU7KH1RULDQ5KDHWLDQERXQGDU\SODFHGDWDOHYHOFRLQFLGHQWZLWKDUDSLGGHFUHDVHLQį13Corg WRa±ÅZKLFKYLUWXDOO\FRLQFLGHVZLWKWKHOHYHOFRQWDLQLQJWKH¿UVWDSSHDUDQFHGDWXP)$'RIFRQRGRQW0LVLNHOOD






7KHFRUUHODWLRQEHWZHHQ WKH3LJQROD$EULROD VHFWLRQDQG WKH1HZDUN$376ZDV
SHUIRUPHGXVLQJWKHVWDWLVWLFDODSSURDFKSURSRVHGLQ0XWWRQLHWDO$VVXPLQJ
WKDW WKLFNQHVV LV D OLQHDU SUR[\ RI WLPH WKH GXUDWLRQ RI 1HZDUNPDJQHWR]RQHV
ZDV FRPSDUHG ZLWK WKH WKLFNQHVV RI 3LJQROD$EULROD PDJQHWR]RQHV )LJ 






RIPDWFKLQJPDJQHWR]RQHV LQ WKHPRYLQJZLQGRZ LH 7KH 3LJQROD$EULROD
VHTXHQFHZDVWKHQVOLGE\WZRSRODULW\]RQHVDORQJWKH1HZDUN$376LQRUGHUWR
maintain internal polarity consistency in correlation), R and t were recalculated, 











HW DO  &KDQQHOO HW DO  )RU WKLV UHDVRQ , GHFLGHG WR FRQWHPSODWH
FRUUHODWLRQRSWLRQVFKDUDFWHUL]HGE\ORZHUYDOXHVRIWDURXQG$VDFRQVHTXHQFH







)LJXUH3LJQROD$EULRODJHRPDJQHWLF UHYHUVDO VHTXHQFH LQ OLQHDUGHSWKFRRUGLQDWHVZDV VOLGDVLGH WKH
Newark astrochronological polarity time scale (APTS) in linear age coordinates maintaining the internal 
SRODULW\ FRKHUHQF\ DQG D W YDOXHZDV FDOFXODWHG IRU HDFK RI WKH  SRVVLEOH FRUUHODWLRQ RSWLRQV3RVLWLYH
(negative) t-values refer to positive (negative) slopes of the linear function relating Pignola-Abriola 
PDJQHWR]RQH WKLFNQHVV WR 1HZDUNPDJQHWR]RQH GXUDWLRQ 6WDWLVWLFDOO\ VLJQL¿FDQW RSWLRQV  DQG  ZHUH
UHMHFWHGIRULQFRKHUHQFHZLWKWKHDYDLODEOHVWUDWLJUDSKLFGDWDZKHUHDVDPRGL¿HGYHUVLRQRIFRUUHODWLRQRSWLRQ
WHUPHGRSWLRQLVFRQVLGHUHGWKHEHVWVROXWLRQWKDWLVLQDJUHHPHQWZLWKRUGRHVQRWYLRODWHWKHDYDLODEOH
























































































&RUUHODWLRQ RSWLRQ  UHVXOWV DUH PRUH FRKHUHQW ZLWK WKH DYDLODEOH PDJQHWR
biostratigraphic correlations of 7HWK\DQVHFWLRQVWRWKH1HZDUN$376DQGZLOOEH
LQYHVWLJDWHG LQGHWDLO2SWLRQ OLQNV3LJQROD$EULRODPDJQHWR]RQH03$QZLWK
1HZDUN(QQDWWKHEDVHDQGPDJQHWR]RQH03$UZLWK(UDWWKHWRS)LJ
4.8). However, this correlation implies sudden variations in sediment accumulation 
UDWHV LQ WKHPLGGOH RI WKH 3LJQROD$EULROD VHFWLRQ0RUHRYHU WKH ORZHU SDUW RI
3LJQROD$EULROD LV FRQVLGHUHG 6HYDWLDQ ODWH 1RULDQ LQ DJH EXW DFFRUGLQJ WR
FRUUHODWLRQ LW VKRXOGFRUUHVSRQG WR1HZDUN magnetozones considered close to 
WKH&DUQLDQ1RULDQERXQGDU\)LJVHHDOVR0XWWRQLHWDO
In conclusion, no statistical correlation matches perfectly, and some “adjustments” 
are necessary. An alternative version of statistical correlation option 7, termed option 
 EODFN EDU LQ )LJ  VROYHV WKH SUREOHPV RXWOLQHG IRU RSWLRQ  LQFUHDVHV
VWDWLVWLFDO VLJQL¿FDQFH DQG LV FRKHUHQW ZLWK WKH 3L]]R 0RQGHOOR DQG 3LJQROD
$EULRODPDJQHWRELRVWUDWLJUDSKLHVDQGFRUUHODWLRQVWRWKH1HZDUN$3763UHIHUUHG
option 7.1 is similar to statistical option 7 in range (MPA1n corresponding to 
(QQDQG03$UFRUUHVSRQGLQJWR(UUEXWGLIIHUVIURPVWDWLVWLFDORSWLRQ




VHFWLRQ WR WKH1HZDUN$376 IURPPDJQHWR]RQH(Q WR(Q )LJ WKDW LV




8VLQJ SUHIHUUHG FRUUHODWLRQ RSWLRQ  DQ DJH PRGHO IRU WKH 3LJQROD$EULROD
section can be derived. The age model shows a change in sedimentation rate from 
the lower to the upper part of the section (Fig. 4.7). From the base to PHWHU
WKHPHDQ VHGLPHQWDWLRQ UDWH LV RIaP0\ZKLOH IURPPHWHU WR WKH
PHDQVHGLPHQWDWLRQUDWHLQFUHDVHVWRaP0\)URPPHWHUWRWKHVHFWLRQWRS
WKHVHGLPHQWDWLRQ UDWH LQFUHDVHV IXUWKHU WRaP0\7KLV LVFRKHUHQWZLWK WKH

















 VSLNHREVHUYHG LQ WKH3LJQROD$EULRODVHFWLRQDWPHWHU LPPHGLDWHO\
below the level containing the FAD of M. posthernsteini sensu stricto and within 
the base of the radiolarian Proparvicingula moniliformis Zone). A similar į13C
org
 
SHUWXUEDWLRQ DURXQG  WKH1RULDQ5KDHWLDQERXQGDU\ZDVGRFXPHQWHG LQ&DQDGD
E\:DUGHWDODQG:KLWHVLGHDQG:DUGFRLQFLGLQJZLWKWKH
disappearance of large Monotis:DUGHWDODW\SLFDOSUR[\IRUWKH1RULDQ
5KDHWLDQERXQGDU\0F5REHUWVHWDO7KHVWUDWLJUDSKLFOHYHOLQWKH3LJQROD
$EULROD VHFWLRQ FRQWDLQLQJ WKH a±Å VSLNH KDV EHHQ PDJQHWRVWUDWLJUDSKLFDOO\
FRUUHODWHGWR1HZDUNPDJQHWR]RQH(UUDWFD0D7KLVDJHZDVREWDLQHG
IURPWKH1HZDUNDVWURFKURQRORJ\FDOLEUDWHGZLWKWKHQHZQXPHULFDODJHRI










Triassic may have lasted ~36 My.
*663SURSRVDOIRUWKH5KDHWLDQ6WDJHDQXSGDWHDIWHU5LJRHWDO
7KH 3LJQROD$EULROD VHFWLRQ KDYH EHHQ SURSRVHG DV D *663 *OREDO ERXQGDU\
6WUDWRW\SH6HFWLRQDQG3RLQWFDQGLGDWHIRUWKH5KDHWLDQ6WDJH5LJRHWDO
7KHRWKHUPDMRUFDQGLGDWHLVWKHVHFWLRQRI6WHLQEHUJNRJHOLQ$XVWULD.U\VW\QHW





FAD of conodont Misikella posthernsteiniDWPHWHULQOHYHO$RI67.$
,Q WKH 3LJQROD$EULROD VHFWLRQ WKH )$' RIM. posthernsteini DSSUR[LPDWHV WKH
5KDHWLDQ EDVH WKDW KDYH EHHQ SUHIHUHQWLDOO\ SODFHG ZLWK WKH QHJDWLYH į13C
org
 
SHDN RI a±Å DW PHWHU  5LJR HW DO  3LJQROD$EULROD LV PRUH
H[SDQGHG WKDQ 6WHLQEHUJNRJHO FRYHULQJ WKH VDPH WLPH LQWHUYDO LQ a PHWHUV
instead of ~30. Moreover, the magnetostratigraphy is detailed as well as organic 
FKHPRVWUDWLJUDSK\7KHLQWHJUDWHGVWDWLJUDSK\RI3LJQROD$EULRODOLWKRELRFKHPR
PDJQHWRVWUDWLJUDSK\LVWLPHFRQVWUDLQHGE\WKHFRUUHODWLRQZLWKWKH1HZDUN$376
FRQ¿UPHG E\ UDGLRPHWULF DJH DURXQG WKH 1RULDQ5KDHWLDQ ERXQGDU\ IURP 3HUX





(FO of conodont Mockina bidentata LV GDWHG DW a 0D WKH 6HYDWLDQ
6HYDWLDQERXQGDU\)2RIMisikella hernsteiniLVDWa0D7KHEDVHRIWKH
Proparvicingula moniliformisUDGLRODULDQ=RQHFRQVLGHUHGRQHRIWKHSUR[\RIWKH
5KDHWLDQ HJ*LRUGDQR HW DO  LV SODFHG DW a0DZKLOH WKH )2 RI
conodont Misikella ultimaLVGDWHGa0D0RUHRYHUWKH)2RIWKHMisikella 




HDVLO\ DFFHVVLEOH WKH VHFWLRQ LVPLQLPDO VWUXFWXUHGGHIRUPHG DQG LV FRQWLQXRXV
LV IRVVLOLIHURXV FRQRGRQWV DQG UDGLRODULDQV KDV D GHWDLOHGPDJQHWRVWUDWLJUDSK\
DQG į13C
org
 FKHPRVWUDWLJUDSK\ WKH 1RULDQ5KDHWLDQ LV ZHOO GH¿QHG E\ ELR
chemostratigraphy and time constrained after the magnetostratigraphic correlation 
ZLWKWKH1HZDUN$376DQGRWKHUPDULQHVHFWLRQV
Comparison with Previous Time Scales
I compared my solution with alternative proposals from the literature. Krystyn et 
DO  XVHG &DUQLDQ1RULDQ GDWD IURP VHYHUDO 7HWK\DQ VHFWLRQV .DYDDODQL
.DYXU7HSH3L]]R0RQGHOORORZHUSDUW%ROFHNWDVL7HSHDQG6FKHLEONRJHOVHH
UHIHUHQFHV LQ .U\VW\Q HW DO  WR FRQVWUXFW D 7HWK\DQ FRPSRVLWH PDJQHWR





SDUW RI WKH5KDHWLDQ LVPLVVLQJ LQ WKH1HZDUN VHTXHQFH DQG VXSSRUWLQJ WKH a
My duration of the Rhaetian as proposed by Krystyn HWDO0XWWRQLHWDO
 LOOXVWUDWHG WKDWPLGGOH1RULDQ $ODXQLDQPDJQHWR]RQHV LQ WKHFRPSRVLWH
PDJQHWRELRVWUDWLJUDSKLFVHTXHQFHRI.U\VW\QHWDOPD\HQFRPSDVV1HZDUN 




&RPLQJ WRPRUH UHFHQW WLPHV WKH ORQJ7XYDOLDQ RSWLRQ RI WKH*HRORJLFDO7LPH
6FDOH  2JJ  ZKLFK is essentially based on data from Lucas et al. 
LVFKDUDFWHUL]HGE\D&DUQLDQ1RULDQERXQGDU\SODFHGDW0DD1RULDQ
5KDHWLDQ ERXQGDU\ DW 0D DQG D ODUJH KLDWXV LQ WKH 1HZDUN 6XSHUJURXS
EDVHGRQ LQIHUHQFHV IURPFRQFKRVWUDFDQELRVWUDWLJUDSK\ /XFDVHW DODQG

































7KH ORQJ5KDHWLDQ RSWLRQ RI WKH  *HRORJLFDO 7LPH 6FDOH  2JJ  LV














4.1.2 Mount Messapion section
7KH0RXQW0HVVDSLRQLVORFDWHGQHDUWKHFLW\RI&KDONLGD(XERHDLQWKHHDVWHUQ
SDUWRI&HQWUDO*UHHFH)LJ7KHVHFWLRQLVVLWXDWHGDORQJWKHVWUHHW OHDGLQJ
to the mountaintop, between two hairpin turns UHVSHFWLYHO\ DW ¶´1 ±
¶´( DQG ¶´1 ± ¶´( )LJ  7KH VHFWLRQ ZDV
DOUHDG\VDPSOHGE\3DVTXDOH7LDQRDQG$OEHUWR,QFRURQDWR8QLYHUVLW\RI1DSROL





VXSUDWLGDOPLFURELDOLWHV DOWHUQDWHG WR VXEWLGDO ELYDOYHV ULFKZDFNHVWRQH VXEXQLW
&$ERYHWKH7-ERXQGDU\VXEXQLW&UHYHDOVWKHVDPHSHULWLGDOF\FOHVVHHQLQ
VXEXQLW&EXWZLWKRXW0HJDORGRQWLGV7KHXSSHUSDUWRI&VKRZVDSDVVDJHWR




5RPDQR HW DO  GLVWLQJXLVKHG WKUHH PDLQ DVVRFLDWLRQV EDVHG RQ WKH IRVVLO
content:




























sequence (Permian - Triassic)
Limestone and dolomites

















)LJXUH  7KH 0RXQW 0HVVDSLRQ VHFWLRQ LV
ORFDWHGLQWKHFHQWUDO*UHHFHQHDU&KDONLGD7KH
section crops out along the street heading to the 
WRS RI 0W 0HVVDSLRQ EHWZHHQ ¶´1
± ¶´( DQG ¶´1 ±
¶´(7KHDUHDRI0RXQW0HVVDSLRQZDV
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Also microfossils are abundant, with small bivalves and gastropods, echinoid 
spines, foraminifers (e.g. Triasina hantkeni) and algae (e.g. Dasycladacea 
*ULSKRSRUHOODFXUYDWD).
x /RZHU+HWWDQJLDQDVVRFLDWLRQ+LVLQWKHORZHUSRUWLRQRI&PDQG
show the disappearance of Megalodontids, T. hantkeni and *FXUYDWD (Fig. 
4.10). Typical lower Hettangian association of foraminifera, cyanobacteria, 
bivalves and gastropods was found in these strata.
x 8SSHU+HWWDQJLDQDVVRFLDWLRQ + LV LQ WKHPLGGOHXSSHUSRUWLRQRI&
(100 m) and is characterized by the appearance of typical lower Jurassic 
Dasycladaceae. Other fossils are Jurassic palynomorphs, echinoids, corals 
(rare), and bivalves.
The age is constrained mainly by the distribution of foraminifera Triasina hantkeni, 
that appears into the Paracochloceras suessi DPPRQRLG =RQH *D]G]LFNL
 XVXDOO\ UHIHUUHG WR 5KDHWLDQ HJ0RL[ HW DO  5LJR HW DO 
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The vertical distribution of T. hantkeni LV UHSRUWHG WR UHDFKDQGQRWRYHUWDNH WKH
end of Choristoceras marshi ammonoid Zone (De Castro, 1991), which upper 




SKDVH %DUDWWROR DQG 5RPDQR  5RPDQR HW DO  7KH UHFRYHU\ RI





A total of 34 samples from the Mount Messapion section have been analyzed for 
magnetostratigraphy at the “Alpine Laboratory of Paleomagnetism” in Peveragno 
(Italy). To isolate the characteristic component of the natural remanent magnetism 
(ChRM), the samples have been thermally demagnetized with an ASC TD48 furnace, 
DQG WKHQPHDVXUHGZLWK D *(QWHUSULVHV'&648,' FU\RJHQLFPDJQHWRPHWHU
6DPSOHV KDYH EHHQ GHPDJQHWL]HG E\ VWHSV RI & IURP& WR & WKHQ
&XQWLO&'LUHFWLRQVRIPDJQHWL]DWLRQ IRU HDFK VWHSRIGHPDJQHWL]DWLRQ
KDYHEHHQSORWWHGRQDQHQGSRLQWYHFWRUJUDSK=LMGHUYHld, 1967), one for each 
sample. In case of samples with magnetization components represented by less than 
WKUHHHQGSRLQWV LQVHTXHQFHHTXDOV WR WKUHHVXEVHTXHQWGHPDJQHWL]DWLRQVWHSV
WKHVHVDPSOHVKDYHEHHQUHMHFWHG7KHORZ¿HOGPDJQHWLFVXVFHSWLELOLW\ț) of every 
VDPSOHZDVPHDVXUHGXVLQJDQ$*,&2.DSSDEULGJH./<VXVFHSWLELOLW\PHWHU















Blue line is the smoothed 
path of remagnetization. 







Squared residuals S-ratio calculated measured
LAP 8.02E+00 -IRM-0.3T/IRM1T 0.938
GAP 7.34E+00 (1-IRM-0.3T/IRM1T)/2 0.969
SAP 3.08E+01
component contribution SIRM log(B1/2) B1/2 DP
% A/m mT mT mT
1 35.0 3.50E-03 1.90 79.4 0.20
2 50.0 5.00E-03 2.00 100.0 0.30
3 10.0 1.00E-03 1.00 10.0 0.50
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FXUYHV IRU VDPSOH0(6 VHH WH[W IRU GHWDLOV
7KHVDWXUDWLRQPDJQHWL]DWLRQ6,50WKHFRHUFLYH
force (B1/2) and the dispersion parameter (DP) are 
listed for each magnetic component.
Magnetic properties
Magnetic susceptibility (ț) along the Mt Messapion section is mostly negative (~ 
î6,VRPHWLPHVZLWKSHDNVIURPî6,WRî SI (Fig. 4.10). 





instrument. Intensity of NRM at room 
WHPSHUDWXUHLVZHDNDURXQGî10$P
ZLWK IHZ SHDNV RI LQWHQVLW\ UHDFKLQJ D
PD[LPXPRIî10$P
Sample MES68.1, showing negative 
susceptibility, has been analyzed 
IRU EDFN¿HOG ,50 )LJ  7RWDO
FRHUFLYLW\LVORZDURXQGP7LQ
OLQHZLWKPRVWRIWKHQRQSXUHPDJQHWLF
phases, while saturation is reached 
DURXQGî$PDIWHUDQDSSOLHG¿HOG
RIP7ZKLFKLVTXLWHORZ
7KH FXPXODWLYH ORJJDXVVLDQ &/*
DQDO\VLV.UXLYHUHWDOLQGLFDWHV




3. 10 mT at 10% o.c.
4. P7DWRF








)LJXUH  (TXDODUHD SURMHFWLRQV IRU
characteristic remanent magnetization 
(ChRM) component directions isolated at 
Mount Messapion for in situ (geographic) 
and tilt-corrected coordinates (see text for 
mean directions).
Magnetostratigraphy
'LUHFWLRQ REWDLQHG IURP150 DQDO\VLV DUH TXLWH VFDWWHUHG SUREDEO\ GXH WR WKH
ZHDN PDJQHWL]DWLRQ DFTXLUHG E\ WKH URFNV 2QO\  RQ  VDPSOHV UHYHDOHG D
characteristic component (ChRM), in a large range of temperature (ChRM data 































)LJXUH  9HFWRU HQGSRLQW
demagnetization diagrams for 
representative samples from 
Mount Messapion secrion. Closed 
FLUFOHV DUH SURMHFWLRQV RQWR WKH
KRUL]RQWDOSODQHDQGRSHQFLUFOHV
DUH SURMHFWLRQV RQWR WKH YHUWLFDO
plane for in situ (geographic) 
coordinates.
XS RU VRXWKGRZQ GLUHFWLRQV QRW FRKHUHQW ZLWK WKH DUHD RI GHSRVLWLRQ QRUWKHUQ
KHPLVSKHUH ,QIDFWV¿OWHULQJ WKHFRPSRQHQWGDWDIRUVSXULRXVGLUHFWLRQVRI
 GDWD UHPDLQV LQ in situ FRRUGLQDWHV DQG  RI  LQ WLOWFRUUHFWHG FRRUGLQDWHV
)LJ(TXDODUHDSURMHFWLRQVVKRZH[WUHPHO\VFDWWHUHGGDWDERWK LQ in situ 
and tilt-corrected coordinates (Fig. 4.14). The scarcity of recovered data made 
GLI¿FXOWWRREWDLQDUHOLDEOHPHDQGLUHFWLRQZKLFKLV'HF,QFN 
Į  1  LQ WLOWFRUUHFWHG FRRUGLQDWHV )ROG WHVW FDQQRW EH SHUIRUPHG
because the section in substantially homoclinal, but the reversals test (McFadden 






¿OWHUHG &K50 GDWD RQO\ RQH ODUJH QRUPDO PDJQHWR]RQH KDYH EHHQ LGHQWL¿HG
(named MMf), with three partial reverse magnetozones and an uncertain polarity 
zone in the lower part of the section (Fig. 4.10).
Discussion
As seen before, paleomagnetic data from the Mt. Messapion reveal unusual 
GLUHFWLRQVRI WKHFKDUDFWHULVWLFFRPSRQHQW )LJ7KHVHGLUHFWLRQVDUHTXLWH
VLPLODUWRWKHGLUHFWLRQVRIWKHJHRPDJQHWLF¿HOGOLQHVLQWKHVRXWKHUQKHPLVSKHUH




II”) using a standard criteria for core orientation (as communicated before the 
analyses), which is clearly indicated by an arrow in every samples. The possibility 
RI DQ HUURU LQ RULHQWLQJ WKH VDPSOHV FRUUHFWO\ RQ WKH ¿HOG KDV EHHQ FRQVLGHUHG
but this error should be present in all samples (collected by the same operator, 
with the same instruments), whereas some of them are oriented correctly. As seen, 
WKH ¿OWHU DSSOLHG WR WKH &K50 GLUHFWLRQV HOLPLQDWHV WKHVH DQRPDORXV GDWD EXW
RQO\IHZFRPSRQHQWV UHPDLQRQ)LJ$VREYLRXV WKHVHGDWDSRLQWV
are not enough to describe a pattern of polarity inversion that could be used for 
correlations. Without any assurance that the anomalous samples have been rotated 
during sampling, no changes in orientation data can be applied to obtain directions 
coherent with the hemisphere in which the sediments deposited. These issues 
affecting the Mt. Messapion paleomagnetism convinced me to renounce to continue 
the analyses on this section.
4.1.3 Leg 122: Site 761 (Hole C)
6LWH  RI WKH /HJ  LV ORFDWHG LQ WKH :RPEDW 3ODWHDX ¶´6
¶´()LJVXEGLYLGHGLQWKUHH+ROHV$%DQG&7KH
SDOHRPDJQHWLFDQDO\VHVSURYLGHGLQWKLVZRUNFRPHIURP+ROH&LQSDUWLFXODU
from the Rhaetian and the uppermost Norian. The core recovery for this Site is poor 
LQWKHXSSHU5KDHWLDQZKLOHDSSURDFKLQJWKH1RULDQ5KDHWLDQERXQGDU\WKHFRUHV
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are more complete (Fig. 4.16).
*HRORJLFDO6HWWLQJ
Lithostratigraphy
Hole 761C is represented by claystones in the Norian, passing gradually to 
limestones in the Rhaetian (Fig. 4.16). The top of the Triassic sediments depicts a 
major unconformity with the Cretaceous strata above.
7KHGHWDLOHGOLWKRORJ\KHUHSUHVHQWHG/HJ,QLWLDO5HSRUWV+DTHWDOLV
considered from the top to the base of the Late Triassic sediments, following the 
convention used by the ODP reports.
7KH¿UVWPRI5KDHWLDQDUHSRRUO\ UHFRYHUHGZKLWH OLPHVWRQHVZLWK IDFLHV
YDU\LQJIURPJUDLQVWRQHWRZDFNHVWRQHSDFNVWRQHDQGPXGVWRQHLQGLFDWLQJOLWWRUDO
subtidal or intertidal environment. Dissolution is common in cemented sediments, 
H[FHSW IRU PLFULWHV WKDW DUH DIIHFWHG LQVWHDG E\ GRORPLWL]DWLRQ DQG QHRPRUSKLF


























































)LJXUH  6LWH  LV
located in the Wombat Plateau 
(¶´6 ¶´(
north-western Australia. The area 
of the Wombat Basin was located 





UHPDQHQW PDJQHWL]DWLRQ &K50 FRPSRQHQW GLUHFWLRQV DQG PDJQHWLF VXVFHSWLELOLW\ 1RULDQ5KDHWLDQ
boundary is placed with the beginning of Ashmoripollis reducta SDO\QRPRUSK =RQH DQG5KDHWRJRQ\DXOD[
rhaeticaGLQRÀDJHOODWH=RQH




























































































































































































































































rich in crinoidal fragments.
7KH1RULDQLVUHSUHVHQWHGE\PRIEODFNDQGGDUNJUHHQLVKODPLQDWHGFOD\H\
siltstone, sometimes with pyrite nodules and coal levels.
Paleoenvironments
7KH VHGLPHQWV RI WKH 1RULDQ VXJJHVW D GHSRVLWLRQ LQ D VKDOORZZDWHU FRDVWDO
HQYLURQPHQWGRPLQDWHGE\FODVWLFGHSRVLWLRQ7KHDEUXSWO\RYHUODLQRIRSHQPDULQH




rich sandstone, apparently from erosion of the Norian sediments, suggest that a 
SRUWLRQRIWKH:RPEDW3ODWHDXVWLOOUHPDLQLQKLJKUHOLHIDQGWKDWWKHGHHSHQLQJLQ
the Rhaetian is probably related to a rifting phase. The onset of carbonatic coastal 
IDFLHV LQ WKH XSSHU 5KDHWLDQ VXJJHVWV D UHVWRUHG VKDOORZZDWHU HQYLURQPHQW DW
this Site. At the top of the Rhaetian limestone an unconformity is present, passing 
LPPHGLDWHO\WR(DUO\&UHWDFHRXV%HUUDVLDQ9DODQJLQLDQVHGLPHQWV7KHFDYLWLHVLQ
XSSHUPRVW5KDHWLDQOLPHVWRQH¿OOHGZLWKFDOFLWHFHPHQWVVXJJHVWGLIIHUHQWRSWLRQV
WR H[SODLQ WKLV XQFRQIRUPLW\ 3RVVLELOLWLHV LQFOXGH WKH XSOLIW RI WKH SODWHDX XQWLO
HPHUVLRQDQGVXEVHTXHQWSDOHRNDUVWRUGLVVROXWLRQDIWHUVXEPHUVLRQDQGVXEPDULQH
cementation. The absence of Jurassic sedimentation in Site 761 could have been 




In Hole 761C, relevant fossils for biostratigraphy are calcareous nannofossils, 




1DQQRSODQNWRQ RI 6LWH & EHORQJLQJ WR WKH Prinsiosphaera triassica Zone, 
shows a predominancy of P. triassica in association with Crucirhabdus primulas, 
Thoracosphaera geometrica and Thoracosphaera wombatensis %UDORZHU HW DO
7KHVHVSHFLHVH[WHQGIURPWKHPHWHUWRWKHEDVHRIWKHUHFRYHUHG&
,Q WKH XSSHUPRVW SDUW RI WKH VHTXHQFH IURPPHWHU  WR Eoconusphaera 
zlambachensis, Crucirhabdus minutus and Archaeozygodiscus koessenensis have 
been found. These three species belong to the Eoconusphaera zlambachensis 
6XE]RQHH[FOXVLYHO\5KDHWLDQLQDJH%UDORZHUHWDO
Foraminifera
In the lower part of the 761C (from the base to meter 410), genus Triasina (rare) and 
Aulotortus are present, where the occurrence of T. oberhauseri indicates a Norian 
DJHIRUWKHVHVWUDWD=DQLQHWWLHWDOAulotortus disappear in the middle part 
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of 761C (from meter 410 to 344) and diagnostic foraminifers (Duotaxis birmanica, 
genera 2SKWKDOPLGLXPand Tetrataxis LQGLFDWH D ODWH1RULDQHDUO\5KDHWLDQ DJH
=DQLQHWWLHWDO,QWKHXSSHUSDUWIURPPHWHUWRJHQXVAulotortus 
reappears and TriasinaVSHFLHVEHFRPHDEXQGDQW7KH5KDHWLDQDJHLVFRQ¿UPHGE\
the presence of Triasina hantkeni =DQLQHWWLHWDO
'LQRÀDJHOODWHV
The presence of Rhaetogonyaulax rhaetica IURP PHWHU  WR  VXJJHVWV D




Most of the palynomorphs in Site 761C are poorly preserved and fragmented. For 
this Site the zonation is based mainly on the association with the Rhaetogonyaulax 
rhaetica GLQRÀDJHOODWH =RQH )URP a WR aP DQG IURP a WR aP
palynomorphs typical of the Ashmoripollis reducta Zone (coeval to the R. rhaetica 
GLQRÀDJHOODWH =RQH %UHQQHU  7KH DEVHQFH RI CorollinaClassopollis
type palynomorphs (abundant at the top of the A. reducta=RQHHJ&LULOOL
VXJJHVWVDQHDUO\WRPLGGOH5KDHWLDQDJHIRUWKLVLQWHUYDO)URPaWRaP




6DPSOHV IURP a P FRQWDLQ RVWUDFRGV 2JPRFRQFKD RZWKRUSHQVLV (middle 
Rhaetian) and Cytherella acuta (upper Norian to middle Rhaetian) (Dépêche and 
&UDVTXLQ6ROHDX2JPRFRQFKDEULVWROHQVLV (middle Rhaetian) was collected 






E\ WKH .RFKL &RUH &HQWHU .RFKL 8QLYHUVLW\ -DSDQ DQG DQDO\]HG DW WKH ³)RUW
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+RRIGGLMN´3DOHRPDJQHWLF/DERUDWRU\8WUHFKW8QLYHUVLW\1HWKHUODQGV6DPSOHV
have been demagnetized progressively by application of an alternate gradient 
¿HOGXVLQJD*(QWHUSULVHVVLQJHD[LV$)GHPDJQHWL]HUDQGPHDVXUHGXVLQJD
*(QWHUSULVHV5)648,'PDJQHWRPHWHU 6DPSOHV KDYH EHHQ GHPDJQHWL]HG E\
VWHSVRIP7XQWLOP7WKHQVWHSVRIP7XQWLOP76LQJOHVDPSOH150
GLUHFWLRQV IRU HDFK VWHS RI GHPDJQHWL]DWLRQ KDYH EHHQ SORWWHG RQ DQ HQGSRLQW
vector graph (Zijderveld, 1967), and only the magnetization components made of 
DWOHDVWWKUHHVXEVHTXHQWHQGSRLQWVKDYHEHHQFRQVLGHUHG&RUHVIURP+ROH&
are not geographically oriented, and the samples are oriented only respect of the 
cores. So only the magnetic inclination have been considered to determine the 
GLUHFWLRQRIPDJQHWL]DWLRQ7KHORZ¿HOGPDJQHWLFVXVFHSWLELOLW\ț) was measured 
ZLWKDQ$*,&2.DSSDEULGJH0).$LQVWUXPHQWRQVDPSOHV5RFNPDJQHWLVP
H[SHULPHQWVKDYHEHHQSHUIRUPHGRQVHOHFWHGVDPSOHVWRVXSSRUWWKHSDOHRPDJQHWLF
interpretations. Thermomagnetic runs were performed on 3 samples (wba369001, 
ZEDZEDXVLQJDPRGL¿HGKRUL]RQWDOWUDQVODWLRQ&XULHEDODQFH








Susceptibility (ț VKRZVDJHQHUDOGHFUHDVH IURP ORZHUPRVW5KDHWLDQXSSHUPRVW
Norian (~110î6,WRXSSHUPRVW5KDHWLDQaî SI) strata (Fig. 4.16). The 
SURJUHVVLYHGHFUHDVHRIțFRXOGEHUHODWHGWRWKHUHGXFWLRQRIVLOLFLFODVWLFPDWHULDO
LQ +ROH & DIWHU WKH 1RULDQ5KDHWLDQ ERXQGDU\ VHH ³3DOHRHQYLURQPHQWV´
paragraph, chapter 4.1.3, for details in environmental changing). 




DYDULDEOHTXDQWLW\RIS\ULWH)H6), in magnetite (FeFeO4%HORZ&WKHUH
DUHQRHYLGHQFHVRIPDJQHWLFLURQVXO¿GHVHJS\UUKRWLWH±)H6VLQFHWKHKHDWLQJ
cooling steps are totally reversible until this temperature and Curie temperature 
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IRUPDJQHWLF)HVXO¿GHVa&KDVQRWEHHQUHDFKHG)LJ7KHRULJLQDO
magnetization is carried probably by magnetite but is impossible to differentiate the 
QHRIRUPHGPDJQHWLWHWRWKHRULJLQDOPDJQHWLWH
,50 DFTXLVLWLRQ FXUYHV VKRZ YDULDEOH OHYHOV RI VDWXUDWLRQ IURP a P7 WR
wba3690001----TOTAL

















Temperature ( Celsius )
wba3691401----TOTAL


















Temperature ( Celsius )
wba3693801----TOTAL




























DUHFKDUDFWHUL]HGE\FRHUFLYLW\¿HOGV IURP WRP7H[FHSWIRU WZRVDPSOHV
ZED DQG ZED WKDW UHDFKHV D FRHUFLYLW\ RI  P7 )LJ
% /RZHU FRHUFLYLW\ ¿HOGV FRXOG EH DVVRFLDWHG WR PDJQHWLWH ZKLOH KLJKHU
¿HOGV DUH SUREDEO\ UHODWHG WR PDJQHWLF LURQVXO¿GHV DV S\UUKRWLWH +\VWHUHVLV
F\FOHV DUH SRWEHOOLHG VKDSHG VXJJHVWLQJ DPL[WXUH RI ERWK VLQJOHGRPDLQ 6'
DQGVXSHUSDUDPDJQHWLF63PDJQHWLWH7DX[HHWDO)LJ&2QO\RQH












































































KROH MXVW EHORZ WKH 1RULDQ5KDHWLDQ ERXQGDU\ ZKHUH VLOLFLFODVWLF VHGLPHQWV
DUH GRPLQDQW DQG WKH PDJQHWLF VXVFHSWLELOLW\ LV HOHYDWHG 9HFWRU HQGSRLQW






























































LQFOLQDWLRQ YDOXH RI  N 1 0F)DGGHQ DQG5HLG  )LJ
7KHFRPSDULVRQZLWKWKH*HRPDJQHWLF$[LDO'LSROHLQFOLQDWLRQYDOXHDWWKH




remanent magnetization (ChRM) component 
LQFOLQDWLRQVLVRODWHGDW+ROH&IRUFRUHFRRUGLQDWHV
(see text for mean inclinations and discussion).
are not affected by contamination of 
9507KHVDPSOHVZHUHQRWRULHQWHG
geographically (only respect to the 
YHUWLFDOD[LVRIWKHFRUHVVRWKHRQO\
way to determine the paleomagnetic 
polarity is to consider the magnetic 
inclination. During the Late Triassic, 
the Wombat Plateau was situated in 
the southern hemisphere, so I have 
to consider negative inclination as 
representative of normal polarity 
periods and positive inclination 
as reverse polarity periods. The 
VWUDWLJUDSKLF VHTXHQFH RI &K50
LQFOLQDWLRQV SURYLGHG  PDJQHWLF
SRODULW\ UHYHUVDOV GH¿QLQJ 
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PDJQHWR]RQHV QDPHG:0$Q WR:0$Q )LJ  6LQJOH GDWDSRLQWV KDYH
been considered as partial reversals.
Discussion
7KHPDJQHWRVWUDWLJUDSK\RIWKH+ROH&LVDIIHFWHGE\PDQ\]RQHVRIXQNQRZQ
polarity, mainly due to the scarce recovery in those intervals. The biostratigraphy 
LQGLFDWHVWKDWWKHVWUDWDIURPPHWHUWRDUH5KDHWLDQLQDJHDQGWKHVWUDWD
EHORZDUHXSSHU1RULDQ7KH1RULDQ5KDHWLDQERXQGDU\LVSODFHGRQDQXQFRQIRUPLW\
+DT HW DO  VXJJHVWLQJ D ODFN LQ XSSHUPRVW 1RULDQORZHUPRVW 5KDHWLDQ
sediments. The comparison between the discontinuous 761C magnetostratigraphy 
DQGWKH1RULDQ5KDHWLDQ7HWK\DQVHFWLRQVRI3LJQROD$EULROD0DURQHWDO
5LJRHWDO6WHLQEHUJNRJHO67.$DQG67.%&.U\VW\QHWDOD




within a long normal magnetozone and is indicated as an unconformable boundary 
)LJ  -XVW DERYH WKH XQFRQIRUPLW\ WKH¿UVW5KDHWLDQ VWUDWD VKRZ D SDUWLDO
reverse polarity zone, probably related to the large reversal containing the Rhaetian 
EDVH0DJQHWR]RQHV03$Q RI 3LJQROD$EULROD 67* RI 67.$ 67* RI
67.%&DQG%,7QRI%UXPDQRDUHFRQVLGHUHGFRHYDOWRWKH1RULDQSRUWLRQRI
PDJQHWR]RQH:0$Q EHORZ WKH XQFRQIRUPLW\ )LJ 7KH SDUWLDO UHYHUVH




biostratigraphy assigns a generic “Rhaetian Age” to this part of the Hole. Only 
the absence of palynomorphs ClassopollisCorollina constraints the Rhaetian strata 
RI WKH+ROH& WR WKHHDUO\PLGGOH5KDHWLDQ3UREDEO\PDJQHWR]RQH:0$U
LVFRHYDOWR%,7ULQ%UXPDQR%,7QFRXOGEHFRUUHODWHGWR:0$Q%,7UWR
:0$UDQG%,7QWR:0$Q)LJ$GLUHFWFRUUHODWLRQZLWKWKH1HZDUN
APTS is not possible because palynomorphs biostratigraphy is not comparable. An 
DVVRFLDWLRQFRXOGEHPDGHWKURXJKWKHVHFWLRQVRI3LJQROD$EULRODDQG%UXPDQR
Italcementi Quarry, following correlations proposed respectively in Chapter 4.1.1 
DQG E\0DURQ HW DO  DQG E\0XWWRQL HW DO  +HQFH WKH 1HZDUN






The unconformity at the top of the Rhaetian in Hole 761C obliterated the whole 





































































































































































































































































































(Hüsing et al. 2011)
(Hüsing et al. 2011)
(Muttoni et al. 2010)
(Muttoni et al. 2010)










































































































































































4XDUU\ 0XWWRQL HW DO  DQG3LJQROD$EULROD &KDSWHU0DURQHWDO 5LJRHWDO
7KHFRUUHODWLRQZLWKWKHVHVHFWLRQVVHHPVWRFRQ¿UPWKHSUHVHQFHRIDKLDWXVDWWKH1RULDQ5KDHWLDQ
ERXQGDU\ LQ+ROH& UHFRUGHGZLWKLQD ODUJH UHYHUVHSRODULW\ ]RQH LQ WKHRWKHU VHFWLRQV+ROH& LV







the sections with magnetostratigraphy are affected by some stratigraphical issues. 
)RUH[DPSOHWKH%ROFHNWDVL7HSHVHFWLRQ*DOOHWHWDOKDVDGLVFRQIRUPLW\
near the base and a fault that obliterate the lower Tuvalian.
The following Tethyan sections have been chosen for paleomagnetic investigation 
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to improve the magnetostratigraphy of the Carnian.
4.2.1 Pignola-2 and Dibona sections (from 0DURQHWDOVXEPLWWHGDQGLQUHYLHZ
1HZVOHWWHURQ6WUDWLJUDSK\VHH$WWDFKHGSXEOLFDWLRQV)
Here I presented new magnetostratigraphic and biostratigraphic data from the 
3LJQRODVHFWLRQRIWKH6RXWKHUQ$SHQQLQHVDQGWKH'LERQDVHFWLRQRIWKH'RORPLWHV
ERWKLQ,WDO\ZKLFKKDYHEHHQFRUUHODWHGWRWKH1HZDUN$376LQRUGHUWRSURYLGH
an independent control on the astrochronological ages of the older (Carnian) part of 
WKH1HZDUN$376.HQWDQG2OVHQ2OVHQDQG.HQW
Furthermore, I provide a numerical age estimation of a major event occurring in the 
&DUQLDQNQRZQDVWKH&DUQLDQ3OXYLDO(YHQW&3(6LPPVDQG5XIIHOO7KH
CPE is represented by a widespread deposition of siliciclastic materials recognized 
LQPRVWRIWKH&DUQLDQVHFWLRQVDURXQGWKHZRUOGHJ5XIIHOOHWDO7KH&3(
is attributed to a climatic shift to more humid conditions (Simms and Ruffell, 1989), 
triggered by the emplacement of the Large Igneous Province (LIP) of Wrangellia 
LQ1RUWK$PHULFDHJ)XULQHWDO5LJRHWDO3UHWRHWDO'DO
&RUVRHWDO;XHWDODQGFRQVHTXHQWHPLVVLRQRIJUHHQKRXVHJDVVHV




















































































is on the southern side of the Tofane di Rozes. Pignola-2 and Dibona sections were located in central Tethys 







7KH3LJQROD VHFWLRQ /DW ¶´1/RQJ ¶´( FURSV RXW LQ
the Southern Apennines, south of the town of Potenza, along the road connecting 
WKH WZR3LJQROD DQG$EULROD YLOODJHV )LJ 7KH VHFWLRQ LV FRPSULVHG RI D
PWKLFN VXFFHVVLRQ RI FKHUW\ OLPHVWRQHV SHUWDLQLQJ WR WKH &DOFDUL FRQ 6HOFH














































































































































































































































































































































































































































FRUUHVSRQGLQJ WR WKH VKDOHV RI WKH JUHHQ FOD\UDGLRODULWLF KRUL]RQ WKDW FRXOG QRW EH VDPSOHG 7KH83E
UDGLRPHWULFDJHRI0D)XULQHWDOFRPHVIURPDQDVKEHGLQVLGHWKHJUHHQFOD\UDGLRODULWLF
horizon. Anomaly in the magnetic susceptibility around the “green horizon” represents the Carnian Pluvial 
Event in basinal environment (light-grey shaded interval).
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5LJRHWDOD,QWKHXSSHUSDUWRIWKH³JUHHQFOD\UDGLRODULWLFKRUL]RQ´
KHUHDIWHU ³JUHHQ KRUL]RQ´ D WXII OHYHO QDPHG ³$JOLDQLFR DVKEHG´ PHWHU 
SURYLGHGD83EUDGLRPHWULFDJHRI0D)XULQHWDO)LJ
The “green horizon” has been interpreted as resulting from a transient rise of pCO 
levels that triggered the shoaling of the calcite compensation depth (CCD). This 
inferred CCD shoaling is possibly coupled with increased detrital and nutrient 
LQSXW LQ WKHEDVLQ DV D FRQVHTXHQFHRI WKH&3( DZDUPDQGKXPLGSHULRG WKDW
IRVWHUHGVLOLFDWHZHDWKHULQJDQGUXQRIIRQODQG5LJRHWDOE5LJRDQG
-RDFKLPVNL7URWWHUHWDO$GLVWLQFWULVHRIpCOLQWKHFRXSOHGRFHDQ



















SDVVLQJ WR GRORVWRQHV WKH 'LERQD 6DQGVWRQHV 0E a PWKLFN FRQVLVWLQJ RI




OLQNHG WR WKHHUXSWLRQRI:UDQJHOOLDÀRRGEDVDOWVKDVEHHQREVHUYHGDW WKHEDVH









































































































































































































































































































































































































)LJXUH  7KH 'LERQD VHFWLRQ )URP OHIW WR ULJKW OLWKRVWUDWLJUDSK\ RI WKH LQYHVWLJDWHG SRUWLRQ
SDO\QRPRUSKDQGFRQRGRQWELRVWUDWLJUDSK\PDJQHWRVWUDWLJUDSK\9LUWXDO*HRPDJQHWLF3ROH9*3ODWLWXGHV
IURP&K50GLUHFWLRQVPDJQHWLF VXVFHSWLELOLW\ DQG OLWKRVWUDWLJUDSK\ RI WKHZKROH'LERQD VHFWLRQ ,Q WKH
PDJQHWRVWUDWLJUDSK\EODFNLVQRUPDOSRODULW\DQGZKLWHLVUHYHUVHGSRODULW\,QWKHORZHUSDQHOLVWKH'LERQD
Sandstone Mb (Heiligkreuz Fm) site and in the upper panel is the Travenanzes Fm site. A total of 8 magnetozones 
KDYHEHHQ LGHQWL¿HG  IURP WKH'LERQD6DQGVWRQHVDQG IURP WKH7UDYHQDQ]HV)P7KH ODUJHSRUWLRQRI
unknown polarity (grey shading) in the Travenanzes portion is due to sparse seemingly robust paleomagnetic 
GDWDRQO\WKUHHPHQDLQJIXO9*3SRLQWV([WHQVLRQRIWKH&DUQLDQ3OXYLDO(YHQWLVLOOXVWUDWHGZLWKWKHJUH\
shaded area in the whole Dibona section lithostratigtaphy (on the right).
WKH FODVWLF LQSXW WR WKH&3( FOLPDWLF HYHQW 'DO&RUVR HW DO $ERYH WKH




Paragondolella polygnathiformisParagondolella noah WUDQVLWLRQDO IRUPV IURPP. noah to Metapolygnathus 
praecommunisti DQG M. praecommunisti. The specimens of M. praecommunisti DUH EDVDO VKRZLQJ WKH
DFFHVVRULDOQRGHEHKLQGWKHFXVSWKHSRVWHULRUSURORQJDWLRQRIWKHNHHODQGDTXLWHFHQWUDOO\ORFDWHGSLWEXW




DQG1LFRUD',1Metapolygnathus cf. praecommunisti ',1)LJVEFWKHEODGHWHUPLQDWLRQJRW
EURNHQMetapolygnathus cf. praecommunisti ',1Metapolygnathus praecommunisti ',1D
YLHZIURPDERYHEODWHUDOYLHZFYLHZIURPEHORZ$OOWKHFRQRGRQWVDUHDWWKHVDPHVFDOH







7KH3LJQROD VHFWLRQKDV DGHWDLOHGFRQRGRQW DQGSDO\QRPRUSKELRVWUDWLJUDSK\
5LJRHW DO $FFRUGLQJ WR WKHFRQRGRQWELRVWUDWLJUDSK\ WKH -XOLDQ
7XYDOLDQPLGGOHODWH&DUQLDQERXQGDU\LVSODFHGDWWKHEDVHRIWKH³JUHHQKRUL]RQ´
In fact, below the “green horizon” a typical Julian conodont association composed 
of Paragondolella praelindae, P. polygnathiformis, and *ODGLJRQGROHOOD spp is 
present. Above the “green horizon”, the section bears Tuvalian conodont species, 
i.e. Carnepigondolella nodosa, C. carpathica, Paragondolella noah, P. oertlii, and 
Metapolygnathus praecommunisti)LJ5LJRHWDOD6SHFL¿FDOO\WKH








Patinasporites densus, Aulisporites astigmosus and Duplicisporites continuus%RUFD
Mb, Dibona Sandstones Mb) and Equisetosporites chinleanus (Dibona Sandstones 
0E LV IRXQG LQ WKH+HLOJNUHX])P ,W LV IROORZHGE\ D7XYDOLDQ DVVRFLDWLRQRI
*UDQXORSHUFXODWLSROOLVUXGLV and Riccisporites cf. R. tuberculatus, found at the base 
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3/$7(
RI WKHRYHUO\LQJ7UDYHQDQ]HV)P )LJ7KH IRUPHUDVVRFLDWLRQEHORQJLQJ
to the *UDQXORSHUFXODWLSROOLV UXGLV$VVHPEODJH RI5RJKL HW DO   LV
VLPLODU WR$VVHPEODJH % IRXQG LQ WKH 3LJQROD VHFWLRQ 0RUHRYHU DGGLWLRQDO
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analysis have been collected from the Dibona section immediately below the base of 
the Lagazuoi Mb, in the last 10 meters of the Dibona Sandstones Mb. The conodont 
association consists of Paragondolella polygnathiformis, Paragondolella noah, 
transitional forms from P. noah to Metapolygnathus praecommunisti, and early 
representatives of M. praecommunisti)LJ3ODWHDWWULEXWHGWRWKHHDUO\
7XYDOLDQDJH0D]]DHWDO0D]]DHWDO)XUWKHUPRUHWKHDPPRQRLG




Sampling and laboratory methods
A total of 63 oriented paleomagnetic core samples (~10cc) have been collected 
IURP WKH3LJQROD VHFWLRQ IURP OLPHVWRQHVEHGVDQG IURP WKH UDGLRODULWLF
LQWHUYDOVZLWKLQWKH³JUHHQKRUL]RQ´ZLWKDVWUDWLJUDSKLFLQWHUYDORIDSSUR[LPDWHO\
 P )LJ  7KH FOD\H\ LQWHUYDOV RI WKH ³JUHHQ KRUL]RQ´ KDYH QRW EHHQ
sampled because they are both too thin and chipped. From the Dibona section a 
WRWDORIFRUHVKDYHEHHQFROOHFWHGIURPWKHXSSHU%RUFD0EWRWKHEDVHRIWKH
/DJD]XRL0E +HLOLJNUHX])P DQG VDPSOHV IURP WKH7UDYHQDQ]HV)P7R
isolate the ChRM, all samples have been thermally demagnetized (with an ASC 
7'IXUQDFH UHVLGXDO¿HOGQ7DQGPHDVXUHGZLWKD*(QWHUSULVHV'&
648,'PDJQHWRPHWHUPDJQHWLFPRPHQWQRLVHOHYHO$P) at the Alpine 
Laboratory of Paleomagnetism – ALP (Peveragno, Italy). Samples have been 
GHPDJQHWL]HG E\ VWHSV RI & IURP & WR & WKHQ & XQWLO &
6LQJOHVDPSOHGLUHFWLRQVRIWKHPDJQHWL]DWLRQYHFWRUVKDYHEHHQSORWWHGRQDQHQG
SRLQWYHFWRUJUDSK=LMGHUYHOGIRUHDFKVWHSRIGHPDJQHWL]DWLRQ)LJ




Further, to support the paleomagnetic interpretation, thermomagnetic runs were 
SHUIRUPHG RQ D PRGL¿HG KRUL]RQWDO WUDQVODWLRQ &XULH EDODQFH SDOHRPDJQHWLF
94
ODERUDWRU\ µ)RUW +RRIGGLMN¶ 8WUHFKW 8QLYHUVLW\ 7KH 1HWKHUODQGV QRLVH  OHYHO




0HDVXUHPHQWVZHUHSHUIRUPHG LQ DLU7KUHH VDPSOHV IURP WKH3LJQROD VHFWLRQ
ZHUHLQYHVWLJDWHGDQGIURPWKH'LERQDVHFWLRQIURPWKH+HLOLJNUHX])PDQG
3 from the Travenanzes Fm.). 
6DPSOHV3*05$'DQG3*0IURPWKH3LJQRODVHFWLRQDQGVDPSOHV
0'60'6DQG0'6IURPWKH'LERQDVHFWLRQKDYHEHHQDQDO\]HG
















































7KHOLPHVWRQHVRIWKH3LJQRODVHFWLRQUHYHDODYHU\ORZț, usually smaller than 
î6,)LJ,QWKH³JUHHQKRUL]RQ´WKHLQLWLDOPDJQHWLFVXVFHSWLELOLW\LV
FRQVLGHUDEO\KLJKHUIURPaîWRaî SI) than in the rest of the sampled 
LQWHUYDO GXH WR DQ LQFUHDVH RI WKH WHUULJHQRXV IUDFWLRQ )LJ  ,QWHUHVWLQJO\






)LJ $ & DUH YHU\ZHDN RQO\ VOLJKWO\ DERYH LQVWUXPHQWDO QRLVH OHYHO
1RQHWKHOHVVWKHUHVHHPVWREHDPDUJLQDOO\FRQYH[PDJQHWL]DWLRQYVWHPSHUDWXUH
EHKDYLRU EHWZHHQ a DQG a& WKDW LV UHYHUVLEOH RQ LQWHUPLWWHQW
FRROLQJ7KH¿QDOFRROLQJVHJPHQWIURP&EDFNWRURRPWHPSHUDWXUHKRZHYHU
GRHVQRWUHYHDOWKDWEHKDYLRU,WLVGLI¿FXOWWRLQWHUSUHWWKLVEHKDYLRUWKDWPD\EH
associated with titanomagnetite (sensu latoZLWKDYDU\LQJ7LFRQWHQW+RZHYHUD
PLQXWHDPRXQWRIPDJQHWLFVXO¿GHVFDQQRWEHH[FOXGHGZLWKFHUWDLQW\7KH³JUHHQ
KRUL]RQ´VDPSOH5$')LJ%LVPXFKVWURQJHUEXWVWLOOZHDN LW UHPDLQV














heating and cooling segments in that temperature range and no Curie temperature of 
a&3ODXVLEO\WUDFHVRIPDJQHWLWHUHSUHVHQWWKHRULJLQDOPDJQHWLFPLQHUDORJ\
EXW LW LV LPSRVVLEOH WR GLVFULPLQDWH EHWZHHQ OHIW RYHUV RI QHRIRUPHGPDJQHWLWH
PRVWRILWR[LGL]HVIXUWKHUWRKHPDWLWHDQGRULJLQDOPDJQHWLWH7KHWKUHHVDPSOHV
IURP WKH 7UDYHQDQ]HV )P 079 )LJ * 079 )LJ + 079










Field: 100 - 300 mT. 10/ 10 T/min. Weight:  .0752. Max. temp.:  150
0.00
0.01










Temperature ( Celsius )
RAD4----TOTAL
Field: 100 - 300 mT. 10/ 10 T/min. Weight:  .073. Max. temp.:  150
0.00
0.01










Temperature ( Celsius )
PGM14.64----TOTAL
Field: 100 - 300 mT. 10/ 10 T/min. Weight:  .0821. Max. temp.:  150
0.00
0.01










Temperature ( Celsius )
MDS12.4----TOTAL
Field: 100 - 300 mT. 10/ 10 T/min. Weight:  .1. Max. temp.:  150
0.00
0.01










Temperature ( Celsius )
MDS29.1----TOTAL

















Temperature ( Celsius )
MDS52.3----TOTAL
Field: 100 - 300 mT. 10/ 10 T/min. Weight:  .0783. Max. temp.:  150
0.00
0.01










Temperature ( Celsius )
MTV9----TOTAL
Field: 100 - 300 mT. 10/ 10 T/min. Weight:  .0923. Max. temp.:  150
0.00
0.01










Temperature ( Celsius )
MTV52----TOTAL
Field: 100 - 300 mT. 10/ 10 T/min. Weight:  .1. Max. temp.:  150
0.00
0.01










Temperature ( Celsius )
MTV67----TOTAL
Field: 100 - 300 mT. 10/ 10 T/min. Weight:  .0882. Max. temp.:  150
0.00
0.01















FRQ 6HOFH )P SDQHOV $ & 5$' 3LJQROD *UHHQ FOD\UDGLRODULWLF KRUL]RQ SDQHO % 0'6 'LERQD
+HLOLJNUHX])PSDQHOV'()DQG079'LERQD7UDYHQDQ]HV)PSDQHOV*+,7KH3*0VDPSOHVRI
3LJQRODUHYHDODPL[WXUHRIGLIIHUHQWPLQHUDOVLQFOXGLQJPDJQHWLWHLQWKHFKHUW\OLPHVWRQHVZKHUHDVLQWKH








the characteristic component remanent magnetization (ChRM) direction is isolated 




LVELSRODUEHLQJRULHQWHGQRUWKDQGGRZQRU VRXWKDQGXS LQ in situ coordinates, 
DQGQRUWKZHVWDQGGRZQRUVRXWKHDVWDQGXSDIWHUFRUUHFWLRQIRUEHGGLQJWLOW)LJ
7KHPHDQ GLUHFWLRQ LQ WLOWFRUUHFWHG FRRUGLQDWHV FDOFXODWHGZLWK VWDQGDUG
)LVKHU VWDWLVWLFV LV RI'HF ( ,QF  N  Į 1  7DEOH
 1R IROG WHVW FRXOG EH SHUIRUPHG EHFDXVH WKH EHGGLQJ DWWLWXGH WURXJK WKH
section is essentially the same. The reversals test (McFadden and McElhinny, 
LVSRVLWLYHVXJJHVWLQJWKDWWKH&K50LVWKHRULJLQDOPDJQHWL]DWLRQDFTXLUHG
during or shortly after deposition. The mean directions in in situ coordinates (Dec: 











)LJXUH  (TXDO DUHD
SURMHFWLRQV IRU &K50
(characteristic remanent 
magnetization) of the 
Pignola-2 (upper panel) 
and Dibona (lower panel). 






          IN SITU     TILT-CORRECTED 
 Site      Comp.       N           k     α95        Dec.         Inc.                  k     α95        Dec.       Inc. 
Pignola-2         ChRM       47         24.1   4.3°  353.5°E 59.7°           23.9    4.3°     28.4°E 39.6°  
Dibona             ChRM       46          4.2   11.8°  350.5°E 33.9° 4.2    11.8° 10.2°E 41.4° 
LEGEND 
Comp.: paleomagnetic component       N: number of samples       k, α95 : Fisher statistics parameters  Dec.: mean declination Inc.: mean inclination






IDLUO\ VFDWWHUHG GLUHFWLRQV )LJ  IDLOLQJ WKH UHYHUVDOV WHVW 0F)DGGHQ DQG
McElhinny, 1990). The mean directions in in situFRRUGLQDWHV'HF(,QF
33.9NĮ: 11.87DEOHGLIIHUVWRWKHLQFOLQDWLRQRIWKHJHRPDJQHWLFD[LDO





(only three robust paleomagnetic directions).
Discussion
Correlations between Tethyan sections
7KH3LJQROD VHFWLRQ LV FRUUHODWHGZLWKRWKHU FRHYDO7HWK\DQ VHFWLRQV IURP WKH
OLWHUDWXUH FRQWDLQLQJ FRQRGRQWV WR REWDLQ D FRPSOHWH PDJQHWRELRVWUDWLJUDSKLF
UHFRUG IRU WKH &DUQLDQ 6WDJH )LJ  7KH XSSHU SDUW RI WKH 3LJQROD









The magnetostratigraphy of the Dibona section straddling the Dibona Sandstones 
0ERIWKH+HLOLJNUHX])PVKRXOGEHSDUWLDOO\FRHYDOZLWKWKHPDJQHWRVWUDWLJUDSK\
DFURVV WKH ³JUHHQ KRUL]RQ´ LQ WKH 3LJQROD VHFWLRQ DV VXJJHVWHG E\ WKH ¿UVW




















































































































































































































































































































































































































































































































































































































































































































































































































































































(Channell et al. 2003)
(Muttoni et al. 2004)
(Muttoni et al. 2005, 2014)
(Kent and Olsen 1999,




















































































































































































Astrochronological Polarity Time Scale (APTS). The Norian to Rhaetian calibration and correlations are after 
0DURQHWDOVHHDOVR&KDSWHU$OOFRUUHODWLRQVEHWZHHQ7HWK\DQVHFWLRQVDUHEDVHGRQLQWHJUDWHG
conodont bio-magnetostratigraphy. Biostratigraphy of Silická Brezová has been updated after Mazza et al. 
  DE 3LJQROD SURYLGHV D FKURQRORJLFDO WLH SRLQW ZLWK WKH1HZDUN$376 83E DJH RI
0D)XULQHWDODQGSDUWRIWKH'LERQDPDJQHWRVWUDWLJUDSK\0'QFRYHUVWKHPLVVLQJ
interval in Pignola-2. Correlation between Pignola-2 and the Newark APTS based on the statistical method of 
0XWWRQLHWDODQG0DURQHWDOVHH&KDSWHU
&RQVHTXHQWO\PDJQHWR]RQHV0'QUQUQ DW'LERQD KDYH EHHQ FRUUHODWHG
WR 3LJQROD PDJQHWR]RQHV 03QUQUQ UHVSHFWLYHO\ %DVHG RQ WKH ¿UVW






of strong biostratigraphic constraints does not allow a solid magnetostratigraphic 
100
correlation between the upper Dibona section and other Tethyan sections.
&RUUHODWLRQZLWKWKH1HZDUN$376










DORQJ WKH$376 DQG REWDLQLQJ  SRVVLEOH FRUUHODWLRQ RSWLRQV )LJ  7KH
LQWHUYDORIXQNQRZQSRODULW\ZLWKLQ WKH3LJQROD³JUHHQKRUL]RQ´ LV WHQWDWLYHO\











DJH SURYLGHG E\ WKH1HZDUN$376 IRU WKH HTXLYDOHQW VWUDWLJUDSKLF OHYHO
(Fig. 4.30). 
x )LWV ZLWK WKH FRUUHODWLRQ RI 3L]]R0RQGHOOR DQG WKH$376 6SHFL¿FDOO\
PDJQHWR]RQHV03UDQG03QRI3LJQRODDUHFRUUHODWHGUHVSHFWLYHO\WR
(UDQG(QLQ1HZDUNDVZHOODVWRWKH30UDQG30QLQ3L]]R0RQGHOOR




x 7KH FRUUHODWLRQZLWK WKH 1HZDUN$376 OHDGV WR D 0\ GLVFUHSDQF\
101

























































































































































































































(Furin et al. 2006)
)LJXUH6HTXHQFHRIFRUUHODWLRQRSWLRQVEHWZHHQWKH3LJQRODVHFWLRQDQGWKH1HZDUN$376'DUN
JUH\EDUV LQGLFDWH WKHFRUUHODWLRQV WKDWDUH UHOLDEOHDW WKHEODFNEDUVDUH WKHFRUUHODWLRQV UHOLDEOHDW
WKH2QO\WKUHHRSWLRQVDUHUHOLDEOHDW2SWLRQVDQG2SWLRQZDVUHMHFWHGEHFDXVHEHLQJ
LQFRQVLVWHQWZLWK WKH DJH RI 3LJQRODZKLOH2SWLRQV  DQG  ERWK FRYHUV DQ LQWHUYDO FRQVLVWHQWZLWK WKH
UDGLRPHWULFDJHRI0D,QSDUWLFXODUSUHIHUUHG2SWLRQLVSHUIHFWO\FRKHUHQWZLWKWKHWLPHFRQVWUDLQW
in Pignola-2 and with the previous correlation between Pizzo Mondello section and the Newark APTS (Muttoni 
HWDOSHUIRUPHGXVLQJWKHVDPHVWDWLVWLFDOPHWKRG

































(Furin et al. 2006)
230.91±0.33 Ma


















HW DO  DQG WKH FRUUHVSRQGLQJ
OHYHOLQWKH1HZDUN$376,Q2SWLRQ
1 is the age discrepancy (0.6 M.y.) is 
VPDOOHUWKDQLQ2SWLRQ0\$
possible cause of this age discrepancy 
is the absence of astronomic cycles 
recorded below E8n, and the age is 
presumed assuming sedimentation 
UDWHVVLPLODUWRWKHXSSHU/RFNDWRQJ
Formation (Olsen and Kent, 1999).
0F/DXJKOLQF\FOHVDUHEHWWHUH[SUHVVHG.HQWDQG2OVHQ2OVHQDQG.HQW



























































)LJXUH  $JH PRGHO EDVHG
RQ 2SWLRQ  7KH LQFOLQDWLRQ RI
WKH WUHQG OLQHV RI WKH SORW UHÀHFWV
WKH VHGLPHQWDWLRQ UDWHV ZKLFK
GHFUHDVH MXVW DIWHU DQG EHIRUH WKH
“green clay-radiolaritic horizon”. 
The model provides an age of 
a0DIRUWKH-XOLDQ7XYDOLDQ
boundary and a duration of ~1 
M.y. for the Carnian Pluvial Event.
:H GHULYHG DQ DJH PRGHO IURP 2SWLRQ  WKDW UHYHDOV D FRPSOH[ SDWWHUQ RI
VHGLPHQWDWLRQUDWHDORQJWKH3LJQRODVHFWLRQ)LJ,QWKHFKHUW\OLPHVWRQHV
WKH VHGLPHQWDWLRQ UDWH LVPRVWO\ FRQVWDQW H[FHSW IRU D GHFUHDVH MXVW EHORZ DQG
above the “green horizon”. In the “green horizon” the sedimentation rate increases, 
probably due to an enhanced runoff of siliciclastic sediments from the continent 
FDXVHGE\LQFUHDVHGUDLQIDOODQGZHDWKHULQJLQFRQVHTXHQFHRIWKHLQWHQVL¿FDWLRQ







PDJQHWLF VXVFHSWLELOLW\ DQRPDO\ LQ3LJQROD FRYHULQJ WKH³JUHHQKRUL]RQ´DQG
WKHFORVHVWOLPHVWRQHEHGVDVH[SUHVVLRQRIWKH&3(LWVGXUDWLRQZDVDERXW0\









/LWKRORJLHV RI +ROHV % DQG % VKRZ D WUDQVLWLRQ IURP WKH VLOLFLFODVWLF


























































)LJXUH  6LWHV  DUH
located in the Wombat Plateau 
(¶´6¶´(
north-western Australia. The area 
of the Wombat Basin was located 
in southern Tethys during Late 
Triassic.




































































































































































































































is placed with the beginning of Minutosaccatus crenulatus SDO\QRPRUSK=RQH
+ROH%
7KH¿UVW PRI VHGLPHQWV 1RULDQ DUH IRVVLOLIHURXV OLPHVWRQH PXGVWRQH WR
ZDFNHVWRQHVRPHWLPHVSDFNVWRQHDQGGRORPLWHZLWKLQWHUEHGGHGVLOW\FOD\VWRQH
)LJ  0LQRU OLWKRORJLHV DVVRFLDWHG ZLWK FOD\VWRQH DUH VLOWVWRQH DQG ¿QH
JUDLQHGVDQGVWRQH,QFDUERQDWHVRROLWLFRQFROLWLFJUDLQVWRQHVDUHSUHVHQWDVZHOO
DV FDOFDUHQLWHV ZLWK YDULDEOH DPRXQWV  WR  RI VLOLFLFODVWLF FRPSRQHQW
Different degrees of dolomitization affect this interval, but they do not obliterate the 
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sedimentary features for most of the interval. The interbedded claystone become 
more abundant moving to the lowermost Norian. The boundary between the Late 
Triassic portion of the Hole and the overlying Cenozoic sediments is not recovered, 
VRWKHW\SHRIVWUDWLJUDSKLFFRQWDFWLVXQNQRZQ
7KHIROORZLQJP&DUQLDQHDUO\1RULDQRIVHGLPHQWVDUHGRPLQDWHGE\SDUDOOHO
ODPLQDWHG EODFN VLOW\ FOD\VWRQH DQG FOD\H\ VLOWVWRQH ZLWK GLVVHPLQDWHG S\ULWH




The last 103 m (Carnian) are represented by alternation of silty claystone and clayey 
siltstone, with silty claystone becoming dominant in the lower part of the interval 
(Fig. 4.33). Minor lithologies are claystone (sideritic in part), sandy siltstone, 
FRDUVHJUDLQHGTXDUW]VDQGVWRQHDQGS\ULWHQRGXOHVGHFUHDVLQJGRZQZDUG
Paleoenvironments
In the Carnian, the Wombat Plateau was characterized by a distal deltaic claystone 
VHTXHQFH7KHSUHVHQFHRIS\ULWHVLGHULWHWKHDEVHQFHRIVKHOO\IDXQDVWKHEODFN
FRORU DQG WKH ZHOOSUHVHUYHG ODPLQDWLRQ LQGLFDWH UHVWULFWHG PDULQH GHSRVLWLRQDO
conditions. The upward increase of carbonatic levels interbedded with claystone 
and sandstone indicates shallowing. The general coarsening upward trend in 
this interval is interpreted as marine regression and progradation of the delta. 
The presence of scattered pyrite, abundant carbonaceous matter in siltier levels 
DQG WKH ODFNRIPDQ\ IDXQDV VXJJHVW R[\JHQGHSOHWHG UHGXFLQJFRQGLWLRQV7KH
SUHVHQFH RI TXDUW] VDQGVWRQH DW aPEVI PDUNV WKH SHULRG RI PD[LPXP
PDULQHUHJUHVVLRQ,QWKH1RULDQVHGLPHQWVWKHGRPLQDQWFDUERQDWHULFKVHGLPHQWV
VXJJHVWDPDUJLQDOPDULQHPRGHUDWHO\ORZHQHUJ\HQYLURQPHQW7KHSUHVHQFHRI
LQWHUEHGGHGFOD\VWRQHDQGVLOWVWRQH LQGLFDWHFDUERQDWHEDQNV IRUPHG LQDFRDVWDO
DUHD ZLWK ÀXYLDO GLVFKDUJH 7KH DF\FOLF UHSHWLWLRQ RI FDUERQDWH DQG WHUULJHQRXV
FOD\VWRQHLVUHODWHGSUREDEO\E\FKDQJHRIWHUULJHQRXVGHSRFHQWHUFRQVHTXHQWWR
the movement of distributary channels. These shifts could have driven the onset 
DQGWKHGHPLVHRIWKHFDUERQDWHVHGLPHQWDWLRQLQWKH1RULDQ7KH1RULDQVHTXHQFH
is truncated by a major unconformity beneath the Cenozoic pelagic sediments. The 
Jurassic and Cretaceous deposits have been eroded because of uplift, as well as 
WKHXSSHUSDUWRI/DWH7ULDVVLFXSSHU1RULDQ5KDHWLDQ5HZRUNHGVDQGVPDGHRI






















































































































































































































































is placed with the beginning of Minutosaccatus crenulatus SDO\QRPRUSK=RQHDQGSuessia listeriGLQRÀDJHOODWH
=RQH
probably due to borehole contamination) overlie the erosive surface.
+ROH%
/LWKRORJLFDOLQIRUPDWLRQRI+ROH%VWDUWVIURP&RUH5PEVI)LJ
whereas the previous Cores were drilled only to reach the stratigraphic level 
corresponding to the end of the Hole 760A.
7KH¿UVWOLWKRORJLFDOXQLWRI+ROH%PWKLFN&DUQLDQ1RULDQLVFKDUDFWHUL]HG
E\LQWHUEHGGHGFDUERQDWHVDQGVLOLFLFODVWLFVHGLPHQWDU\URFNV)LJ7KHPDLQ
OLWKRORJLHV DUH GDUN JUD\ FOD\H\ VLOWVWRQH EODFN VLOW\ FOD\VWRQH JUD\JUDLQVWRQH
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GDUN JUD\ FOD\H\ VLOWVWRQH DQG GDUN JUHHQLVK JUD\ VLOW\ VDQGVWRQH )LJ 
&RDUVHUJUDLQHGURFNVDUHORFDOL]HGLQWKHORZHUSDUWRIWKHXQLWLQGLFDWLQJD¿QLQJ
upward trend. Sideritic levels are present, increasing with depth.
Paleoenvironments
Carnian sediments (lower unit) could have been deposited either in a distal prodelta 
HQYLURQPHQWRULQDSURWHFWHGVKDOORZZDWHUVHWWLQJLHWLGDOÀDWHVWXDULQHED\
Chemically reducing conditions are locally present, with deposition of siderite and 
sulfurs.
7KH XSSHU XQLW DURXQG WKH &DUQLDQ1RULDQ ERXQGDU\ VKRZV OLWKRORJLHV DQG
IHDWXUHVW\SLFDORIDPDUJLQDOPDULQHHQYLURQPHQWQHDUWKHLQWHU¿QJHULQJEHWZHHQ
VLOLFLFODVWLF DQG VKDOORZZDWHU FDUERQDWH GHSRVLWLRQDO V\VWHPV 6LOLFLFODVWLF
sediments were mostly deposited by currents and bioturbated. Carbonates contain 
SHORLGDO DQG ELRFODVWLF FRPSRQHQWV W\SLFDO RI D VKDOORZ WR PDUJLQDOPDULQH
environment. Energy conditions were generally higher than in the lower unit.
Biostratigraphy
+ROH%




An assemblage containing calcareous nannofossils Tetralithus cassianus, 
Prinsiosphaera triassica and +D\RFRFFXVÀRUDOLVZDV IRXQG IURPaPEVI WR
the bottom of the Hole. T. cassianus is a typical Carnian species, + ÀRUDOLV is 
H[FOXVLYHO\1RULDQ DQGP. triassica LV1RULDQ5KDHWLDQ VHH7HWK\DQ SDO\QRORJ\
IURP*HUPDQ\DQG$XVWULDRI-DIDUDQGWKH\JHQHUDOO\LQGLFDWHDPLGGOH/DWH
7ULDVVLFSHULRG,QVRPHVSHFLPHQVRIFDOFDUHRXVQDQQRIRVVLOV&DFDUERQDWHKDYH





)URPaWRPEVIWKHGLQRÀDJHOODWHVF\VWVHeibergella balmei and Suessa listeri 
indicate the Heibergella balmei=RQHZKLFKLVODWH1RULDQLQDJH%UHQQHU
Palynomorphs
Palynomorphs assemblage belonging to the Samaropollenites speciosus Zone 
&DUQLDQKDVEHHQIRXQGLQWKHORZHUSDUWRIWKH+ROHIURPaPEVIWRWKHERWWRP
%UHQQHU%UHQQHUHWDO7KHLQWHUYDOEHWZHHQaPEVIDQGaPEVI
is in the Minutosaccatus crenulatus=RQHPLGGOHWRODWH1RULDQDVFRQ¿UPHGE\
the coeval Heibergella balmeiGLQRÀDJHOODWHV=RQH%UHQQHU7KHLQWHUYDO
EHWZHHQ a PEVI DQG a PEVI SURYLGHV D WUDQVLWLRQDO DVVHPEODJH EHWZHHQ
S. speciosus and M. crenulatus Zones. The presence of Camerosporites secatus 
and Camerosporites pseudoverrucatus suggests a Carnian age for the transition 
interval, whereas the permanent low abundance of S. speciosus indicates a Norian 
DJH %UHQQHU  7KHUHIRUH WKH Samaropollenites speciosusMinutosaccatus 





Main species are +D\RFRFFXVÀRUDOLV and TetralithusVSSIRXQGEHWZHHQDQG
PEVILQZKLFKFDOFLWHLVRIWHQUHSODFHGE\VLGHULWH+ÀRUDOLV indicates a Car
nian age, whereas genus TetralithusLVXVXDOO\LGHQWL¿HGDVD1RULDQJHQXV
Palynomorphs
An assemblage typical of the Minutosaccatus crenulatus Zone has been found from 
aWRaPEVI7KHUHVWRI WKH+ROH%\LHOGHGSDO\QRPRUSKV LQGLFDWLQJ
a transition zone between Samaropollenites speciosus and M. crenulatus (as seen 
DOVRLQ+ROH%Enzonalasporites vigens is abundant from ~396 to ~400 mbsf, 
LQGLFDWLQJD&DUQLDQDJH%UHQQHU
'LQRÀDJHOODWHV
)LUVWRFFXUUHQFHRIGLQRÀDJHOODWHVSuessia listeri and Suessia swabiana (Suessia 
listeri =RQH +HOE\ HW DO  RFFXUUHG DW a PEVI DW WKH EDVH RI WKH
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Minutosaccatus crenulatus palynozone). The sporadic abundance of Bartenia 
communisVXJJHVWDPLGGOHODWH1RULDQDJHIRUWKLVLQWHUYDO+HOE\HWDO
although the absence of Heibergella balmei suggest an early Norian age (although 
the presence or absence of H. balmei could be environmentally controlled). 
)URPaPEVI WR WKH ERWWRPRI WKH+ROH WKH DEVHQFHRISuessia listeria and 
the presence of Shublikodinium spp. suggest the Shublikodinium wigginsii Zone. 
8QIRUWXQDWHO\ WKH UDUH RFFXUUHQFH RI Shublikodinium spp. and the absence of 
Suessia swabiana (typical of the upper Shublikodinium wigginsii Zone) indicate 
WKDWGLQRÀDJHOODWHVRIWKLVLQWHUYDODUHHQYLURQPHQWDOO\FRQWUROOHGDQGWKDWFDQQRW
be used for biostratigraphic investigations.
2VWUDFRGV
)URP a WR a PEVI WKH SUHVHQFH RI RVWUDFRGV2JPRFRQFKD PDUWLQL and 
Rhombocythere penarthensis suggests a late Norian to Rhaetian age (Dépêche 
DQG &UDVTXLQ6ROHDX  7KH DJH EDVHG RQ RVWUDFRGV LV LQ DFFRUGDQFH








The Netherlands). Samples have been demagnetized progressively by application 
RIDQDOWHUQDWHJUDGLHQW¿HOGXVLQJD*(QWHUSULVHVVLQJHD[LV$)GHPDJQHWL]HU
DQGPHDVXUHG XVLQJ D * (QWHUSULVHV 5)648,'PDJQHWRPHWHU 6DPSOHV KDYH
EHHQGHPDJQHWL]HGE\VWHSVRIP7XSWRP7WKHQVWHSVRIP7XSWR
mT. Single sample NRM directions for each step of demagnetization have been 
SORWWHGRQDQHQGSRLQWYHFWRUJUDSK=LMGHUYHOGDQGRQO\WKHPDJQHWL]DWLRQ
FRPSRQHQWVPDGHRI DW OHDVW WKUHH VXEVHTXHQW HQGSRLQWVKDYHEHHQFRQVLGHUHG
&RUHVIURP+ROHV%DQG%DUHQRWRULHQWHGDQGWKHVDPSOHVDUHRULHQWHG

















6XVFHSWLELOLW\ ț LV DOPRVW FRQVWDQW aî SI) up to 110 mbsf, where it 
decreases abruptly (~46î6, )LJ7KHVXGGHQGHFUHDVHRIțFRXOGEH
related to a strong reduction of siliciclastic material in carbonate levels (usually 
FRQWDPLQDWHGE\ WHUULJHQRXV IURPÀXYLDOGLVFKDUJHSUREDEO\GXH WRRQHRI WKH
IUHTXHQWPRYHPHQWRIGLVWULEXWDU\FKDQQHOVIRUGHWDLOVLQHQYLURQPHQWDOFKDQJLQJ
VHH³3DOHRHQYLURQPHQWV´SDUDJUDSK&KDSWHU
7KHUPRPDJQHWLF FXUYHV RI VDPSOHVZEE   
   DQG  LQGLFDWH D ZHDN PDJQHWL]DWLRQ
IUHTXHQWO\EHORZ$PNJLQSDUWLFXODUIRUZEEWKDWGRHVQRWUHDFK
 $PNJ )LJ  7KH FXUYHV RI VDPSOHV ZEE a PEVI
  DQG  IURPa WR aPEVI VKRZ DQ LQFUHDVH
LQPDJQHWL]DWLRQEHWZHHQDQG& IROORZHGE\DJHQWOH LQFUHDVHGXULQJ
FRROLQJ XQWLO URRP WHPSHUDWXUH LV UHDFKHG )LJ  SUREDEO\ GXH WR WKH




 3UREDEO\ S\ULWH LV WKH GRPLQDWLQJ PDJQHWLWHIRUPLQJ PLQHUDO LQ
wbb3709801, while the stratigraphic interval containing the other three samples is 
ULFKLQVLGHULWHEXWDOVRS\ULWHLVSUHVHQW%HORZ&WKHUHDUHQRHYLGHQFHVRI
PDJQHWLFLURQVXO¿GHVHJS\UUKRWLWH±)H6VLQFHWKHKHDWLQJFRROLQJVWHSVDUH





















Temperature ( Celsius )
wbb3711801----TOTAL














Temperature ( Celsius )
3713201--MS--TOTAL
Field: 100 - 300 mT. 10/ 10 T/min. Weight:  1. Max. temp.:  150
0.00
0.01










Temperature ( Celsius )
wbb3714901----TOTAL














Temperature ( Celsius )
wbb3716501----TOTAL














Temperature ( Celsius )
wbb3720701----TOTAL















Temperature ( Celsius )
wbb3722201----TOTAL














Temperature ( Celsius )
wbb3722901----TOTAL














Temperature ( Celsius )
)LJXUH7KHUPRPDJQHWLFFXUYHVGHWHUPLQHGZLWKD&XULHEDODQFHRIVDPSOHVZEE
DQG6HHWH[WIRUGLVFXVVLRQ
LV YHU\ VRPHWLPHV H[WUHPHO\ VOLJKW )LJ 7KLV GLIIHUHQFHZLWK WKH RWKHU
VDPSOHVLVSUREDEO\GXHWRDVPDOOHUDPRXQWRIPDJQHWLWHIRUPLQJPLQHUDOVLQWKLV
interval pyrite is common). 
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,50DFTXLVLWLRQFXUYHVVKRZYDULDEOHOHYHOVRIVDWXUDWLRQIURPaP7WRa






Susceptibility (țLVQRUPDOO\DURXQGî6,LQFUHDVLQJWRaî SI from 
aWRaPEVIDQGWRaî SI from ~380 to ~400 mbsf (Fig. 4.34). Two 
A CB











































































Temperature ( Celsius )
wbc3727301----TOTAL





















Temperature ( Celsius )
wbc3730401----TOTAL

















Temperature ( Celsius )
wbc3732301----TOTAL




















Temperature ( Celsius )
wbc3745501----TOTAL


















Temperature ( Celsius )
wbc3745601----TOTAL



















Temperature ( Celsius )
wbc3747101----TOTAL



















Temperature ( Celsius )
wbc3749401----TOTAL

















Temperature ( Celsius )
PDMRUSHDNVRIî SI at ~387 mbsf and at ~316 mbsf are present, as well 
DVDPLQRUSHDNRIî6,DWaPEVI)LJ7KHKLJKHUYDOXHVRIț
seem localized in the more carbonatic levels, probably related to the presence of 
114
A CB




























































































































UHYHUVLEOHXQWLO&DQG&XULH WHPSHUDWXUH IRUPDJQHWLF)HVXO¿GHV a&
has not been reached (Fig. 4.37). A small amount of primary magnetite is present, 
EXW LW FDQQRW EH GLIIHUHQWLDWHG IURP WKH QHRIRUPHGPDJQHWLWH7KH EHKDYLRU RI
VDPSOHV ZEF a PEVI  a PEVI DQG  a
PEVI LV VLPLODU EXW WKH LQFUHDVLQJ LQPDJQHWL]DWLRQ DIWHU & LV OHVV LQWHQVH












0HDQ LQWHQVLW\ RI LQLWLDO 150 LV aP$P ORZHU LQ WKH XSSHU SDUW a
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)LJXUH(TXDODUHDSURMHFWLRQVIRUFKDUDFWHULVWLF
remanent magnetization (ChRM) component 
LQFOLQDWLRQVLVRODWHGDW+ROH%IRUFRUHFRRUGLQDWHV
(see text for mean inclinations and discussion).
INCLINATION-ONLY DATA
CORE COORDINATES
P$P  WR  PEVI DQG KLJKHU
LQ WKH PLGGOH a P$P  WR
PEVI7KH ORZHU LQWHQVLWLHV DUH
located around the Norian carbonate, 
where the siliciclastic input decreased. 
Characteristic magnetization (ChRM) 
KDYH EHHQ LGHQWL¿HG LQ  VDPSOHV
PDLQO\DERYHP7DQGPD[LPXP
XQWLOP7&K50GDWDLQ$SSHQGL[
A.3), resulting stable in vector 
HQGSRLQW GHPDJQHWL]DWLRQ SORWV
=LMGHUYHOG)LJ(TXDO
DUHD SURMHFWLRQ IRU LQFOLQDWLRQRQO\
data show a substantial variability of 






































































remanent magnetization (ChRM) component 
LQFOLQDWLRQVLVRODWHGDW+ROH%IRUFRUHFRRUGLQDWHV
(see text for mean inclinations and discussion).
WKDWWKHSDOHRPDJQHWLFGDWDRIWKH+ROHDUHQRWDIIHFWHGE\FRQWDPLQDWLRQRI950
Samples have no geographic orientation, so the paleomagnetic polarity must be 
derived from the magnetic inclination. In Late Triassic, the Wombat Plateau was 
in the southern hemisphere, hence positive inclination means normal polarity and 
QHJDWLYH LQFOLQDWLRQPHDQV UHYHUVHSRODULW\7KHVHTXHQFHRI&K50LQFOLQDWLRQV














DQG  PEVI a P$P $
characteristic NRM magnetization 
(ChRM) has been recognized in 67 
samples generally between 10 and 60 
P7PD[LPXPXQWLOP7&K50
GDWD LQ$SSHQGL[$ DV VKRZQ LQ
YHFWRU HQGSRLQW GHPDJQHWL]DWLRQ
diagrams (Zijderveld, 1967) (Fig. 
4.41). Paleomagnetic inclinations 




 0HDQ LQFOLQDWLRQ RI +ROH


















Suessia listeri Shublikodinium wigginsii (?)













































































































































































































































































































































































































































































































































































































































































































































































(Samaropollenites speciosusMinutosaccatus crenulatus transitional Zone). The 
SDUWLDOUHYHUVHPDJQHWR]RQHEHWZHHQ&RUHV%5DQG%5LVFRQVLGHUHG
1RULDQ LQDJH IROORZLQJ WKHSDO\QRPRUSKVDQGGLQRÀDJHOODWHVELR]RQDWLRQ)LJ
 ,Q +ROH % SDO\QRPRUSKV DQG GLQRÀDJHOODWHV GLDJQRVWLF IRU 1RULDQ
age have been found in WMC1r, while the large normal magnetozone below 




of the transition to magnetozones MP4n and MP4r (Fig. 4.43). Magnetozone 





DEXQGDQFH RI GLQRÀDJHOODWHBartenia communis (coherent with the founding of 














A GEOMAGNETIC POLARITY TIME SCALE FOR 
THE LATE TRIASSIC
5.1 BRIEF HISTORY OF THE GPTS
$*HRPDJQHWLF3RODULW\7LPH6FDOH*376DVVLJQVDGXUDWLRQWRHDFKPDJQHWR]RQH
LQ D VHTXHQFH RI JHRPDJQHWLF SRODULW\ UHYHUVDOV 8VLQJ D *376 LV SRVVLEOH WR
assign an age to the events (biologic, climatic, geodynamic, etc.) calibrated to the 
magnetostratigraphy of the same period. 
7KH ¿UVW DWWHPSWV WR FRQVWUXFW D *376 IRU WKH 7ULDVVLF VWDUWHG LQ VV
EXWWKH\ZHUHIUDJPHQWDU\DQGSRRUGHWDLOHG.KUDPRYSURSRVHGWKH¿UVW
*376IRU(DUO\0LGGOH7ULDVVLFEDVHGRQWKH0RVFRZ%DVLQDQGFRUUHODWHGZLWK
RWKHU VWXGLHV IURP OLWHUDWXUH /DWHU RWKHU DXWKRUV 0F(OKLQQ\ DQG%XUHN 
3HUJDPHQWHWDO3HFKHUVN\DQG.KUDPRY0RORVWRYVN\HWDO
SURSRVHG WKHLU YHUVLRQ RI *376 IRU WKH HQWLUH 7ULDVVLF &RQWUDU\ WR WKH /DWH
Jurassic to Pleistocene magnetostratigraphic record, mainly derived from linear 
PDJQHWLF DQRPDOLHV RI WKH VHD ÀRRU 7ULDVVLF PDJQHWRVWUDWLJUDSK\ ZDV GHULYHG
PDLQO\ IURPVHGLPHQWDU\VXFFHVVLRQV LQZKLFK WKHPDJQHWL]DWLRQZDVYHU\ ORZ
SUHVHUYHG$IWHUWKHLQWURGXFWLRQRIWKHPRUHVHQVLWLYH648,'PDJQHWRPHWHULQWKH
late 1980s, paleomagnetic analyses provided more detailed magnetostratigraphic 
investigations. The integrations of detailed magnetostratigraphic studies with 
detailed biostratigraphies, mostly based on ammonoids, conodonts, palynomorphs 
DQGUDGLRODULDQVSDYHG WKHZD\ WR WKHFRQVWUXFWLRQRIDSUHFLVH*376 ,Q
+RXQVORZ DQG 0XWWRQL SURSRVHG D *376 IRU WKH 7ULDVVLF EDVHG RQ PDULQH
sections with biostratigraphically calibrated magnetostratigraphy, focusing on the 
6WDJHERXQGDULHVWKDWDUH¿[HGSRLQWVLQWKHJHRFKURQRORJ\7RDFFRPPRGDWHWKH
differences in sedimentation rates, the magnetostratigraphy of the considered sections 
KDVEHHQVWUHWFKHGRUVKULQNHGFUHDWLQJD7ULDVVLFFRPSRVLWHPDJQHWRVWUDWLJUDSK\
LQ D SVHXGRKHLJKW VFDOH ZKLFK SHUPLWV D JUDSKLF FRUUHODWLRQ 0DULQH VHFWLRQV
ZHUH SUHIHUUHG IRU WKHLU JUHDWHU FKDQFHV WR FRQ¿UP FRUUHODWLRQV XVLQJ GLIIHUHQW
constraints (biostratigraphic, chemostratigraphic, etc.). To reshape the Triassic 




APTS ages (Olsen and Kent, 1999) has been applied to calibrate the Rhaetian, using 
WKH7ULDVVLF-XUDVVLF ERXQGDU\ DJH RI a0D 6FKDOWHJJHU HW DO  DV D
WLHSRLQW3UREOHPVUHPDLQ IRU WKH1RULDQ6WDJHZKLFK LVSRRUO\FRQVWUDLQHGE\
UDGLRPHWULFDJHVDQGWKHFRUUHODWLRQZLWKWKH1HZDUN$376ZDVQRWFHUWDLQ
5.2 A NEW PROPOSAL OF GPTS
7KHFRUUHODWLRQVEHWZHHQ WKH&DUQLDQ1RULDQVHFWLRQVSURSRVHG LQ&KDSWHU
3LJQROD DQG'LERQD )LJ  LQ DVVRFLDWLRQZLWK WKH FRUUHODWLRQV EHWZHHQ
WKH1RULDQ5KDHWLDQ VHFWLRQV LQ&KDSWHU  3LJQROD$EULROD )LJ  DOORZ
to assemble a composite magnetostratigraphy of Tethyan sections valid for the 
/DWH7ULDVVLF7KHPDJQHWRVWUDWLJUDSK\RI/HJ6LWHV&KDSWHU
Site 761, Chapter 4.1.3) is not included in the Late Triassic composite, because 
RIWKHH[WHQGHGVWUDWLJUDSKLFGLVFRQWLQXLWLHVDQGSRRUELRDQGFKHPRVWUDWLJUDSKLF
FRQVWUDLQWV 6LPLODUO\ PDJQHWRVWUDWLJUDSK\ RI 0W 0HVVDSLRQ &KDSWHU 
LV H[FOXGHG IRU LWV VFDUFH UHOLDELOLW\ 7KLV ORQJWLPH H[WHQGHG FRPSRVLWH
PDJQHWRVWUDWLJUDSK\LQFOXGHVPDQ\UHYHUVDOV)LJKLJKGH¿QLWLRQYHUVLRQLQ
$SSHQGL[%GH¿QLQJDXQLTXHSDWWHUQWKDWDOORZVDPRUHSUHFLVHFRUUHODWLRQZLWK
WKH1HZDUN$3767KH FKDQFH WR EXLOG D*HRPDJQHWLF3RODULW\7LPH6FDOH IRU
WKH/DWH7ULDVVLF FRQQHFWLQJRXUFRPSRVLWHSRODULW\ VFDOH WR WKH1HZDUN$376







 8VLQJ WKH UDGLRPHWULF DJH RI 3LJQROD )XULQ HW DO ZDV SRVVLEOH
to constrain the magnetostratigraphy of the Carnian in the lower APTS, strictly 
FRUUHODWLQJ PDJQHWR]RQH 03U RI 3LJQROD VHFWLRQ ZLWK (QU RI WKH $376
)LJXVLQJVWDWLVWLFV)LJZKLOHIRUWKHXSSHU$376WKH5KDHWLDQZDV
FRQVWUDLQHGE\WKHFRUUHODWLRQEHWZHHQ03$ULQ3LJQROD$EULRODDQG(URIWKH















































































































































































































































(Hüsing et al., 2011)
(Hüsing et al., 2011)
(Gallet et al., 2007)
(Muttoni et al., 2010)
(Muttoni et al., 2010)
(Maron et al., 2015)
(Channell et al., 2003)
(Muttoni et al., 2004)
(Muttoni et al., 2005, 2014)












































































































(Mietto et al., 2012)

























































































*DOOHW HW DO  VHFWLRQV XQWLO a0D DV H[SODLQHG LQ&KDSWHU 7KH
/DWH7ULDVVLF FRPSRVLWHPDJQHWRVWUDWLJUDSK\ KHUH SURSRVHG GH¿QHV D SDWWHUQ RI




XSSHU &DUQLDQ WKHPDJQHWRVWUDWLJUDSK\ RI WKH0D\HUOLQJ *DOOHW HW DO 
DQGWKH3UDWLGL6WXRUHV6WXRUHV:LHVHQ0LHWWRHWDOKDYHEHHQLQWHJUDWHG
for the lowermost Carnian time interval. The duration of these magnetozones have 
been derived considering a basin with constant sedimentation rate and a radiometric 
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DJH DURXQG WKH /DGLQLDQ&DUQLDQ
ERXQGDU\ RI  0D
0LHWWR HW DO  7KH 
LQWHUYDOLVWKXVUHSUHVHQWHGE\
WKH VHFWLRQV RI %ROFHNWDVL 7HSH
0D\HUOLQJ DQG 3UDWL GL 6WXRUHV
Stuores Wiesen (that includes 
WKH *663 RI WKH &DUQLDQ 7KH
duration of the magnetozones of 
%ROFHNWDVL 7HSH ZDV GHULYHG
H[WHQGLQJ WKH GXUDWLRQWKLFNQHVV
UDWLR RI PDJQHWR]RQH %7Q WLHG
WR (Q RI WKH$376 WR WKH RWKHU
PDJQHWR]RQHVXSWRFD0D
The duration of the magnetozones 
of Mayerling and Prati di Stuores 
has been calculated comparing the 
GXUDWLRQDQGWKLFNQHVVRIWKHZKROH
interval between the beginning of 
PDJQHWR]RQH0<QQ6QQDQG
WKHUDGLRPHWULFDJHRI
Ma, and then assigning duration to 




















































1. Utcubamba Valley (Wotzlaw et al., 2014) around the TJB 
    (FO of Psiloceras speleae)
2. Palisades Sill (Blackburn et al., 2013) intruded and fed the 
    Orange Mt. Basalts
3. Petrified Forest Mb Chinle Group (Ramezani et al., 2011)
4. Manicouagan Crater (Jourdan et al., 2009)
5. Pignola 2 (Furin et al., 2006)






























































event calibrated with the magnetostratigraphy occurring in this time interval. 
9LUWXDOO\ WKH HYHQWV RI HYHU\ UHDOP FRXOG EH FDOLEUDWHG ZLWK WKH *376 XVLQJ
PDUNHUVRIJOREDOH[WHQVLRQLHIRVVLOPDUNHUVDVUDGLRODULDQVJHRFKHPLFDOFXUYHV
RUPDJQHWRVWUDWLJUDSK\ LWVHOI7KHUH DUHPDQ\ DGYDQWDJHV RI WKH*376 DJDLQVW
WKH$376IRULQVWDQFHWKHIXOO/DWH7ULDVVLFFRYHUDJHIURP/DGLQLDQ&DUQLDQWR
5KDHWLDQ+HWWDQJLDQDQGWKHFOHDUGH¿QLWLRQRIWKH6WDJHERXQGDULHV,QIDFWVWKH
*376 LQFOXGHV WKH /DGLQLDQ&DUQLDQ *663 RI 3UDWL GL 6WXRUHV6WXRUHV:LHVHQ
0LHWWRHWDOWKDWLVWKHRQO\UDWL¿HG6WDJHERXQGDU\LQWKH/DWH7ULDVVLF
5HJDUGLQJ WKH&DUQLDQ1RULDQERXQGDU\ WKH6WDJH LV SODFHGZLWK WKH)2RI WKH
conodont Carnepigondolella gulloae (Pizzo Mondello section), proposed as a 
SULPDU\ELRPDUNHUIRUWKH1RULDQEDVH0D]]DHWDOD7KH1RULDQ5KDHWLDQ
boundary is proposed with a negative G13C
org
 VSLNH 0DURQ HW DO 5LJR HW
DO  &KDSWHU  DQG DSSUR[LPDWHG E\ WKH )$' RI FRQRGRQWMisikella 
posthernsteini3LJQROD$EULRODVHFWLRQSURSRVHGDVRQHRIWKHSULPDU\ELRPDUNHUV
IRU WKH 5KDHWLDQ 6WDJH LH .U\VW\Q  2JJ  7KH 7ULDVVLF-XUDVVLF
Table 5.1: Main Events 
Event Stage Substage Section Age 
LO of Gladigondolella spp. Carnian Julian Pignola-2 ~230.8 Ma 









FO of Metapolygnathus communisti Norian Lacian Pizzo Mondello ~227.3 Ma 





FO of Carnepigondolella gulloae Norian Lacian Pizzo Mondello ~226.6 Ma 
FO of Mockina tozeri Norian Alaunian Pizzo Mondello ~221.5 Ma 
FO of Mockina bidentata Norian Sevatian Pignola-Abriola ~216.2 Ma 
FO of Misikella hernsteini Norian Sevatian Pignola-Abriola ~210.8 Ma 
Proparvicingula moniliformis Zone Norian Sevatian Pignola-Abriola ~206.2 Ma 
FO of Misikella posthernsteini Rhaetian ---------- Pignola-Abriola ~205.7 Ma 
Negative G13Corg spike Rhaetian ---------- Pignola-Abriola ~205.7 Ma 
FO of Misikella ultima Rhaetian ---------- Pignola-Abriola ~204.7 Ma 
7DEOH$JHVRIWKHPDLQ/DWH7ULDVVLFHYHQWV+HUHDUHUHSRUWHGWKHHYHQWVGH¿QLQJWKH6WDJHDQGVXEVWDJH
ERXQGDULHVDVZHOODVWKH&DUQLDQ3OXYLDO(YHQWWKHODUJHVWFOLPDWLFHSLVRGHRFFXUUHGLQWKH/DWH7ULDVVLF
before the End Triassic Extinction event.
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ERXQGDU\7-%LVSODFHGLQWKH*376XVLQJWKHSDO\QRPRUSKVELRVWUDWLJUDSK\RI
%UXPDQR,WDOFHPHQWL4XDUU\ VHFWLRQ 0XWWRQL HW DO  REWDLQLQJ DQ DJH RI
DERXW0DWKDWLVFRKHUHQWZLWKWKHUDGLRPHWULFDJHRI7-%UHODWLYHWR




WKH ³JUHHQ FOD\UDGLRODULWLF KRUL]RQ´ZKHUH WKH W\SLFDO7XYDOLDQ FRQRGRQWVZDV
found only above this horizon. The base of the Alaunian (Norian) can be placed 








6.1.1 Pignola-Abriola (from 0DURQHWDO*6$%XOOHWLQY S
see Attached publications)
3DOHRPDJQHWLFGDWDREWDLQHGIURPWKH3LJQROD$EULRODVHFWLRQSURYLGHGDVHTXHQFH
RI  SRODULW\ UHYHUVDOV JURXSHG LQ  PDJQHWR]RQHV 7KH FRUUHODWLRQ EHWZHHQ





LWV \RXQJHUSDUW FRQWUD/XFDV HW DO 7KUHHRXWRI D WRWDO RI H[SORUHG
correlation options produced statistically reliable results, and after a thorough 
analysis, one option (7.1) is considered as the most reliable. According to this 
RSWLRQ WKH3LJQROD$EULROD VHFWLRQFRUUHODWHV WR1HZDUNPDJQHWR]RQHV(Q WR
(U,SODFHWKH1RULDQ5KDHWLDQERXQGDU\DW3LJQROD$EULRODDWDOHYHOFRLQFLGHQW
with a rapid decrease in į13C
org
WRa±ÅZKLFKYLUWXDOO\FRLQFLGHVZLWKWKHOHYHO









Paleomagnetic analysis of the Mt. Messapion sample provided only a very small 
number of reliable data. The resulting magnetostratigraphy consisting only 
RI IHZ GDWD SRLQWVZKLFKPDGH LPSRVVLEOH WR GH¿QH FOHDUO\ WKHPDJQHWR]RQHV
7KH SRVVLELOLW\ RI D EDGSUHVHUYHG VLJQDO ZDV VXJJHVWHG E\ WKH H[WUHPHO\ ORZ
127
susceptibility, mostly negative, although the demagnetization path suggest that 
VRPHNLQGRIPDJQHWL]DWLRQ LV UHWDLQHGE\ URFN8QIRUWXQDWHO\ LQ WKHJUHDWSDUW
of the samples the directions are unusual, mirroring the typical directions of the 
southern hemisphere (whereas the site was in the northern hemisphere in the Late 
7ULDVVLF)LOWHULQJWKHGDWDIRUWKHVHVWUDQJHGLUHFWLRQVWKH¿QDOGDWDVHWUHVXOWHGWRR
small to attempt a magnetostratigraphy of this section.
6.1.3 Leg 122 – Hole 761C
The paleomagnetic analysis on the Hole 761C of the Wombat Plateau provided a 
VHTXHQFHRIPDJQHWR]RQHVVKRZLQJGLVFRQWLQXLW\EHFDXVHRIWKHVFDUFHUHFRYHU\
in some of the Cores. The magnetostratigraphy is constrained in the uppermost 
Norian to middle Rhaetian by calcareous nannofossils, ostracods, foraminifera, 
G\QRÀDJHOODWHV DQG SDO\QRPRUSKV ELRVWUDWLJUDSK\ 7KH FRUUHODWLRQ ZLWK WKH
1RULDQ5KDHWLDQ VHFWLRQV RI 3LJQROD$EULROD %UXPDQR,WDOFHPHQWL 4XDUU\ DQG
6WHLQEHUJNRJHOVHHPVWRFRQ¿UPWKHSDUWLDOPDJQHWRVWUDWLJUDSK\RI+ROH&DV
ZHOODVDODFNRIVHGLPHQWVDURXQGWKH1RULDQ5KDHWLDQERXQGDU\%\DFRPSDULVRQ
ZLWK WKH 1HZDUN$376 WKH KLDWXV VKRXOG EH a 0\ 7KH 5KDHWLDQ VWUDWD LQ




Jurassic sediments are missing in the Wombat Plateau.
6.2 CARNIAN
6.2.1 Pignola-2 and Dibona (from 0DURQHWDOVXEPLWWHGDQGLQUHYLHZ1HZVOHWWHU
RQ6WUDWLJUDSK\VHH$WWDFKHGSXEOLFDWLRQV)
7KH SDOHRPDJQHWLF DQDO\VHV RI WKH &DUQLDQ VHFWLRQV RI 3LJQROD 6RXWKHUQ
$SHQQLQHV,WDO\DQG'LERQD'RORPLWHV,WDO\SURYLGHGUHVSHFWLYHO\DVHTXHQFH
RIDQGPDJQHWR]RQHV









as it shows the highest matching between radiometric and astrochonologic age 
HVWLPDWHVRIWKH3LJQRODDVKOD\HUDQGGRHVQRWYLRODWHWKHFRUUHODWLRQEHWZHHQWKH
1HZDUN$376DQGWKH3L]]R0RQGHOORVHFWLRQDVSURSRVHGE\0XWWRQLHWDO
using the same statistical method adopted in this study. Ages of the main events 
RIWKH3LJQRODDQG'LERQDVHFWLRQVZHUHFDOFXODWHGXVLQJDPRGHOGHULYHGIURP
2SWLRQ7KHOHYHOFRQWDLQLQJWKH-XOLDQ7XYDOLDQERXQGDU\GH¿QHGE\FRQRGRQWV
LV QRZFDOLEUDWHG DWa0D DQG WKH OHYHOV DWWULEXWHG WR WKH&DUQLDQ3OXYLDO
(YHQWVKRXOGKDYHGHSRVLWHGEHWZHHQaDQG0D
6.2.2 Leg 122 – Holes 759B and 760B
3DOHRPDJQHWLF DQDO\VLV RI +ROHV % DQG % :RPEDW 3ODWHDX SURYLGHG
UHVSHFWLYHO\DVHTXHQFHRIDQGPDJQHWR]RQHV'XHWRSRRUUHFRYHU\DQGEDG
SUHVHUYHG&K50PDJQHWRVWUDWLJUDSK\RIWKHXSSHUSDUWRI+ROH%DQGPLGGOH
SDUW RI+ROH % LV FRQVLGHUHG DV XQNQRZQ SRODULW\ &DOFDUHRXV QDQQRIRVVLOV
SDO\QRPRUSKV GLQRÀDJHOODWHV DQG RVWUDFRGV ELRVWUDWLJUDSK\ FRQVWUDLQW +ROHV
%% LQWR WKH &DUQLDQ WR PLGGOH 1RULDQ$OWKRXJK VRPH SDUWV RI +ROHV




3L]]R0RQGHOOR DQG6LOLFNi%UH]RYi VHFWLRQV VHH&KDSWHU  DQG UHIHUHQFHV
ZLWKLQVXJJHVWWKDWWKHVWUDWLJUDSKLFUHFRUGRI+ROHV%%FRYHUVa0\
VWUDGGOLQJWKH&DUQLDQ1RULDQERXQGDU\
6.3 LATE TRIASSIC GPTS
A composite magnetostratigraphy have been obtained combining the Late Triassic 
7HWK\DQ PDULQH VHFWLRQV RI 3LJQROD$EULROD 1RULDQ5KDHWLDQ %UXPDQR
,WDOFHPHQWL 4XDUU\ 5KDHWLDQ+HWWDQJLDQ 3L]]R 0RQGHOOR &DUQLDQ1RULDQ
6LOLFNi%UH]RYi&DUQLDQ1RULDQ3LJQROD&DUQLDQ'LERQD&DUQLDQ*XUL=L
&DUQLDQ %ROFHNWDVL 7HSH &DUQLDQ0D\HUOLQJ /DGLQLDQ&DUQLDQ DQG 3UDWL
GL6WXRUHV6WXRUHV:LHVHQ/DGLQLDQ&DUQLDQ7KURXJKWKHVWDWLVWLFDOFRUUHODWLRQ
EHWZHHQ WKH 1HZDUN$376 RI 3L]]R0RQGHOOR 0XWWRQL HW DO  3LJQROD
$EULROD&KDSWHU0DURQHWDODQG3LJQROD'LERQD&KDSWHU
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the Tethyan magnetostratigraphic composite has been calibrated with the APTS, 
DOVRXVLQJWKHUDGLRPHWULFDJHRI0DIURP3LJQROD$JOLDQLFRDVK
EHGDVD WLHSRLQW7KHSDUWRI*376QRWFRYHUHGE\ WKH1HZDUN$376ZKLFK
LV WKH SRUWLRQ RI ODWH /DGLQLDQHDUO\ &DUQLDQ UHSUHVHQWHG E\ ORZHU %ROFHNWDVL
7HSH0D\HUOLQJDQG3UDWLGL6WXRUHV6WXRUHV:LHVHQPDJQHWRVWUDWLJUDSK\LVWLPH
FDOLEUDWHGXVLQJWKHUDGLRPHWULFDJHRI0.14 Ma for the lattermost Ladinian 
0LHWWRHW DO  DV D WLHSRLQW7KH WLPHFDOLEUDWLRQRI WKHPDJQHWR]RQHV LQ









$PRGHR )  ,O 7ULDVVLFR WHUPLQDOH*LXUDVVLFR GHO %DFLQR /DJRQHJUHVH




%DOLQL0 %HUWLQHOOL$ 'L 6WHIDQR 3 *XDLXPL & /HYHUD00D]]D0
0XWWRQL*1LFRUD$3UHWR1DQG5LJR07KH/DWH&DUQLDQ
Rhaetian succession at Pizzo Mondello (Sicani Mountains). Albertiana, v. 
S
%DUDWWROR ) DQG 5RPDQR 5  6RPH ELRHYHQWV DW WKH 7ULDVVLF/LDVVLF












%ODFNEXUQ7-2OVHQ 3( %RZULQJ 6$0F/HDQ10.HQW'9 3XIIHU
-0F+RQH* 5DVEXU\ (7 DQG (W7RXKDPL0  =LUFRQ83E
JHRFKURQRORJ\ OLQNV WKHHQG7ULDVVLF H[WLQFWLRQZLWK WKH&HQWUDO$WODQWLF
magmatic province. ScienceYS±
%RVHOOLQL$3URJUDGDWLRQJHRPHWULHVRIFDUERQDWHSODWIRUPVH[DPSOHVIURP












3RVHQDWR 5 5HLFKLFKL0 5HWWRUL 5 DQG5RJKL* 7KH 3UDWL
GL6WXRUHV6WXRUHV:LHVHQ6HFWLRQ 'RORPLWHV ,WDO\ D FDQGLGDWH*OREDO
Stratotype Section and Point for the base of the Carnian stage. Rivista 
,WDOLDQDGL3DOHRQWRORJLDH6WUDWLJUD¿DYS
%UDORZHU 7- %RZQ 35 DQG 6LHVVHU:*  8SSHU 7ULDVVLF FDOFDUHRXV
QDQQRSODQNWRQ ELRVWUDWLJUDSK\:RPEDW 3ODWHDX 1RUWKZHVW$XVWUDOLD ,Q 





%UHGD $ DQG 3UHWR 1  $QDWRP\ RI DQ 8SSHU 7ULDVVLF FRQWLQHQWDO WR
PDUJLQDOPDULQH V\VWHP WKH PL[HG VLOLFLFODVWLFFDUERQDWH 7UDYHQDQ]HV
Formation (Dolomites, Northern Italy). SedimentologyYS
%UHGD$ 3UHWR1 5RJKL * )XULQ 60HQHJXROR 5 5DJD]]L ( )HGHOH
3 DQG*LDQROOD3The Carnian Pluvial Event in the Tofane Area 
(Cortina d’Ampezzo, Dolomites, Italy). *HR$OSYS
%UHQQHU:)LUVWUHVXOWVRI/DWH7ULDVVLFSDO\QRORJ\RIWKH:RPEDW3ODWHDX
Northwestern Australia. ,Q9RQ5DG8+DT%8.LGG5%2¶&RQQHOO
S., eds.: 3URFHHGLQJVRIWKH2FHDQ'ULOOLQJ3URJUDP6FLHQWL¿F5HVXOWV, v. 
S
%UHQQHU : %RZQ 35 %UDORZHU 7- &UDVTXLQ6ROHDX 6 'pSrFKH )
'XPRQW70DUWLQL56LHVVHU:*DQG=DQLQHWWL/&RUUHODWLRQ
of Carnian to Rhaetian palynological, foraminiferal, calcareous nannofossil, 
and ostracode biostratigraphy, Wombat Plateau.,Q9RQ5DG8+DT%8
.LGG5%2¶&RQQHOO6HGV3URFHHGLQJVRIWKH2FHDQ'ULOOLQJ3URJUDP
6FLHQWL¿F5HVXOWVYS
%XWOHU 5)  3DOHRPDJQHWLVP 0DJQHWLF 'RPDLQV WR *HRORJLF 7HUUDQHV
%ODFNZHOO6FLHQWL¿F3XEOLFDWLRQV%RVWRQ, p. 319.
&DOOHJDUR 6 5LJR 0 &KLDUDGLD 0 DQG 0DU]ROL$  /DWHVW 7ULDVVLF
marine Sr isotopic variations, possible causes and implications. Terra Nova, 
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YS±





&DVWHOODULQ $ 6HOOL / 3LFRWWL 9 DQG &DQWHOOL /  /D WHWWRQLFD GHOOH
'RORPLWLQHOTXDGURGHOOH$OSL0HULGLRQDOLRULHQWDOLMemorie della Società 
*HRORJLFD,WDOLDQDYS
&DWDODQR5'RJOLRQL&DQG0HUOLQL62QWKH0HVR]RLF,RQLDQ%DVLQ
*HRSK\VLFDO-RXUQDO,QWHUQDWLRQDO, v. 144, p. 49–64.






0  &DUQLDQ1RULDQ ELRPDJQHWRVWUDWLJUDSK\ DW 6LOLFNi %UH]RYi
6ORYDNLD FRUUHODWLRQ WR RWKHU 7HWK\DQ VHFWLRQV DQG WR 1HZDUN %DVLQ
3DODHRJHRJUDSK\3DODHRFOLPDWRORJ\3DODHRHFRORJ\YS
&LDUDSLFD * DQG 3DVVHUL /  7KH SDODHRJHRJUDSKLF GXSOLFLW\ RI WKH




Mediterranean and Italy. (OVHYLHU$PVWHUGDPS
&LULOOL 6  8SSHU 7ULDVVLFORZHUPRVW -XUDVVLF SDO\QRORJ\ DQG










WKHVLV 8QLYHUVLW\ 3DUN 3HQQV\OYDQLD 3HQQV\OYDQLD 6WDWH 8QLYHUVLW\, p. 

&RUQHW%$SSOLFDWLRQVDQGOLPLWDWLRQVRISDO\QRORJ\LQDJHFOLPDWLFDQG
SDOHRHQYLURQPHQWDO DQDO\VHV RI7ULDVVLF VHTXHQFHV LQ1RUWK$PHULFD ,Q 
/XFDV6*DQG0RUDOHV0HGV7KHQRQPDULQH7ULDVVLFNew Mexico 
Museum of Natural History and Science BulletinYS±
&RUQHW%DQG2OVHQ3($VXPPDU\RIWKHELRVWUDWLJUDSK\RIWKH1HZDUN
Supergroup of eastern North America with comments on Early Mesozoic 
provinciality. ,,, &RQJUHVVR /DWLQRDPHULFDQR GH 3DOHRQWRORJLD 0H[LFR
6LPSRVLRVREUHÀRUDVGHO7ULDVLFR7DUGLRVX)LWRJHRJUD¿D\3DOHRHFRORJLD
MemoriaS













de Lagonegro (Lucanie, Italie méridionale). ,PSOLFDWLRQVHWFRQVHTXHQFHV
Revista Española de MicropaleontologiaYS
'H=DQFKH9*LDQROOD30LHWWR36LRUSDHVDQG&9DLO357ULDVVLF
VHTXHQFH VWUDWLJUDSK\ LQ WKH 'RORPLWHV ,WDO\ Memorie di Scienze 
*HRORJLFKHYS±
'H=DQFKH9*LDQROOD3DQG5RJKL*&DUQLDQVWUDWLJUDSK\LQWKH5DLEO
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3URJUDP6FLHQWL¿F5HVXOWVYS
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GHU (UGZLVVHQVFKDIWOLFKHQ .RPPLVVLRQHQ gVWHUUHLFKLVFKH $NDGHPLH GHU
WissenschaftenYS
=DSIH +  'DV )RUVFKXQJVSURMHNW ³7ULDVVLF RI WKH 7HWK\V 5HDOP´ 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2HVWHUUHLFKH$NDGHPLHGHU:LVVHQVFKDIW.
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FRUUHODWLRQVDPRQJ8SSHU7ULDVVLFVHTXHQFHV*HRVSKHUHYS
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30.00 GNI 1 -27.68
30.40 GNI 2 -25.66
30.65 GNI 3 -26.95
30.80 GNI 4 -25.30
30.95 GNI 5 -25.72
31.70 GNI 6 -24.45
31.80 GNI 7 -24.58
31.80 GNI 8 -25.67
35.80 GNI 9 -24.19
36.20 GNI 10 -23.70
37.40 GNI 11 -25.76
37.60 GNI 12 -24.90
37.80 GNI 13 -25.58
39.45 GNP 1 -27.93
40.29 GNM 35B -26.55
40.60 GNI156 -26.33
40.80 GNM 37 -27.97
41.30 GNI155 -24.59
42.38 GNM 41A -27.55
42.39 GNI 154 -27.05
42.41 GNI 153 -26.62
42.45 GNP 2 -28.28
42.90 GNI152 -27.24
43.29 GNI151 -26.22
43.40 GNP 3 -27.26
44.45 GNM 52 -29.95
45.25 GNI 150 -25.33
45.33 GNI 14 -25.42
45.40 GNI 15 -27.13
45.90 GNI 16 -27.10
46.40 GNI 17 -26.37
46.55 GNI 18 -26.05
46.90 GNI 19 -25.68
47.50 GNI 19B -25.86
48.10 GNI 20 -25.40
48.50 GNI 21 -25.77
49.00 GNI 22 -26.15
49.10 GNI 23 -24.36
49.20 GNI 24 -26.56
51.00 GNM 85 -25.86
51.30 GNI 25 -25.97
52.50 GNI 26 -25.85
53.70 GNM 102 -27.83
55.10 GNI 27 -25.40
55.45 GNI 28 -25.63
55.75 GNI 29 -24.41





Sample Comp. N A/F MAD %VAR Dec Inc Dec Inc Dec Inc Magnetization (10-2A/m)
p0.51 ChRM 7 A 12.4 95.4 226.8 47.1 68.6 55.9 37.2 26.1 100 375 0.0098
p0.56 ChRM 8 A 11.9 95.8 219.3 59.8 70 56.2 37.6 26.8 320 550 0.0025
p0.84 ChRM 8 A 12.6 95.2 119.2 72.7 96.6 36.1 68 27.8 150 400 0.0062
p1.00 ChRM 6 A 9.9 97.1 219.2 26 33.4 50.1 21.9 9.9 100 450 0.0037
p1.10 ChRM 12 A 2.1 99.9 172.6 -0.7 230.2 75.4 343.4 54.5 100 550 0.0215
p2.27 ChRM 5 A 6.5 98.7 82.5 1.1 175.4 -3.9 173.4 39.6 0 250 0.0022
p2.71 ChRM 3 A 9.6 97.2 330.8 -63.2 288.9 -57.5 229.6 -45.6 100 200 0.0009
p2.83 ChRM 5 F 9.5 97.3 105.5 28.7 156.9 27.9 125.7 62.9 150 475 0.0018
p3.10 ChRM 4 A 19.8 88.6 210.3 27.6 53.9 61.4 26.8 25.3 100 250 0.0012
p3.37 ChRM 11 A 21.1 87 195.4 25.6 26.3 75.5 9.3 32.6 300 675 0.0017
p3.43 ChRM 12 A 4.1 99.5 1.3 -44.9 226.4 -66.1 200.7 -27.3 150 575 0.0083
p3.49 ChRM 8 A 6.2 98.8 13.7 -48.7 217.3 -62.1 199 -21.8 150 475 0.0046
p3.56 ChRM 3 F 18.9 89.5 64 14.8 136 -15.2 135.9 15.8 100 200 0.0006
p3.62 ChRM 5 F 21.9 86.1 243.6 -17 354.5 13.3 353.6 -30.2 225 350 0.0008
p4.21 ChRM 4 F 21 87.1 332.5 -15.9 22.6 -61.9 153.1 -70.4 150 300 0.0005
p4.60 ChRM 5 A 11.2 96.2 354.6 -6 60.8 -65.5 145.7 -53.8 225 350 0.0007
p4.71 ChRM 3 F 6 98.9 293.5 2.9 5.5 -22.5 9.8 -66.2 150 250 0.0011
p4.98 ChRM 7 A 7.1 98.5 334.9 8.3 29.4 -52.5 122.2 -71.4 150 500 0.0035
p5.06 ChRM 3 F 10.8 96.5 190.7 -83.6 271.1 -3.7 268.9 -1.8 100 200 0.001
p5.42 ChRM 6 A 12 95.7 173.5 29.2 112.5 79.9 16.9 48.7 250 450 0.0007
p6.30 ChRM 10 A 13.1 94.8 205.1 39.8 2.7 69.9 2.4 26 100 500 0.0031
p6.56 ChRM 6 A 10.8 96.5 204.6 18.7 19.3 60.6 11 17.6 350 570 0.0012
p6.66 ChRM 4 A 3.1 99.7 329.4 1.6 353.6 -58.9 201 -76.2 150 350 0.0053
p6.74 ChRM 5 A 9.3 97.4 333.7 -2.2 345.7 -63.7 204 -70.2 150 350 0.0041
p6.93 ChRM 3 A 14.1 94 10 -49.4 239.8 -56.6 212.6 -23.4 100 200 0.0011
p7.03 ChRM 5 F 6.5 98.7 341.9 -31.7 294.6 -68 215.1 -50 100 300 0.0016
p7.14 ChRM 8 A 7.3 98.4 213 33.8 27.9 51.6 18.1 10.2 300 600 0.0023
p7.51 ChRM 10 A 6.6 98.7 198.5 23.8 21.1 68.3 9.8 25.2 300 600 0.0041
p7.60 ChRM 19 A 4.3 99.4 189.3 17.7 20.8 78.8 6.7 35.4 150 650 0.0045
p7.69 ChRM 16 A 3.5 99.6 194.8 14 7.3 74.7 3.9 30.8 200 600 0.0127
p8.50 ChRM 11 A 13.7 94.4 216.8 3.4 330.5 48.5 341.7 8.6 200 525 0.0013
p8.65 ChRM 8 A 15.9 92.5 190.7 -17.3 263 50.3 308.4 38.8 150 475 0.0017
p8.76 ChRM 5 A 12.4 95.4 219.1 44.9 20.2 51.4 13.5 8.8 275 400 0.001
p8.93 ChRM 7 A 7.7 98.2 171.9 33.5 132.6 82.7 11.1 50.5 200 375 0.0017
p9.02 ChRM 6 A 15.5 92.8 180.9 12.2 267.9 80.2 348.3 46 100 375 0.0019
p9.50 ChRM 4 A 19.7 88.7 337.3 -0.9 40.3 -65.4 149 -62 250 400 0.0014
p9.74 ChRM 13 A 4.3 99.4 193.6 24.8 27.2 76.5 9.1 33.6 250 575 0.004
p9.91 ChRM 10 A 5.9 98.9 195.6 28 23.9 74.7 8.8 31.6 100 500 0.0036
p10.27 ChRM 15 A 11.8 95.8 189.6 29.5 48.2 73 16.9 33.3 225 600 0.0021
p10.33 ChRM 10 A 16.3 92.1 189.1 37.5 57.4 68.9 22.8 31.9 0 450 0.0024
p10.47 ChRM 15 A 3.4 99.6 192.8 33.6 34.5 75.3 11.7 33.2 200 575 0.0086
p10.88 ChRM 3 A 3.7 99.6 268.6 -65 283.6 -20.2 265.7 -22 200 275 0.0014
p11.01 ChRM 4 F 13.8 94.3 349.7 -23.7 315.3 -79.3 195.4 -52.6 225 300 0.0005
p11.13 ChRM 9 A 12.7 95.2 248.4 7.2 336.4 22.7 337.4 -17.3 100 500 0.0024
p11.75 ChRM 4 A 16.2 92.2 317.5 -74 280.7 -24.5 260.4 -23 200 320 0.0003
p12.10 ChRM 8 A 11.2 96.2 221.4 -4.5 325.8 44.2 336.9 5.9 300 525 0.0018
p12.26 ChRM 5 A 14.9 93.3 10.2 -32 132.5 -80.2 172.6 -39.4 100 300 0.002
p12.42 ChRM 3 F 11.1 96.3 83 -56.4 231 -16.3 230.3 13.8 0 150 0.0038
p13.36 ChRM 6 A 18.4 90 186.5 6.7 286.8 71.6 339 38.9 0 300 0.0044
p13.45 ChRM 2 A .8 100 232.1 -3.7 339.9 35.4 344.2 -6 275 300 0.0022
p13.54 ChRM 5 A 19.2 89.2 179.4 23.9 83.2 82 13.4 44.3 200 425 0.002
p13.69 ChRM 15 A 9.2 97.4 202.5 28.6 34.3 58.9 19.1 18.2 0 570 0.0043
p14.00 ChRM 5 F 9.4 97.3 355.2 -30.5 305.2 -82.2 192.6 -49.9 100 275 0.0093
p14.22 ChRM 9 F 18 90.5 324.3 -70.1 262.8 -39.4 237.5 -21.6 0 350 0.0014
p14.38 ChRM 12 F 4.5 99.4 359 -15.1 83.2 -66.1 148 -44.7 0 525 0.0819
p14.58 ChRM 5 F 25.3 81.7 317.2 -45 299.5 -46.9 247.8 -47.8 200 300 0.0006
p14.70 ChRM 8 F 8.9 97.6 308.1 -50.8 289.6 -37.6 253.8 -37.2 150 475 0.0049
p14.76 ChRM 8 A 6.4 98.7 351.8 -41.6 267.5 -63.4 216.8 -38.3 150 475 0.0078
p14.92 ChRM 5 A 6.7 98.7 51 -27.2 167.2 -46.2 171.9 -3.3 350 475 0.0027
p15.01 ChRM 11 A 6.1 98.9 213.2 7.1 331.5 55.3 344.7 14.7 0 500 0.0088
p15.46 ChRM 14 A 6 98.9 220.6 34.1 0.5 54.5 1.3 10.7 200 625 0.0064
p15.95 ChRM 8 A 9 97.5 201.4 28.6 11.8 70.3 5.8 26.6 300 550 0.0047
p16.22 ChRM 13 A 6.7 98.6 207.7 53 26.1 56.9 15.6 14.9 225 600 0.0028
p16.39 ChRM 11 A 14.5 93.7 282.6 50.4 30.9 14.6 32.8 -24.1 250 525 0.0028
p16.73 ChRM 4 A 16.7 91.8 28.2 -44.6 213.9 -64.7 196.4 -23.5 100 250 0.0027
p16.83 ChRM 13 A 18.9 89.5 39.1 -29.2 187.9 -52.2 185.8 -8.5 0 500 0.0061
p16.92 ChRM 10 A 9.5 97.3 227.6 44.2 32.8 52.3 20.7 11.8 100 500 0.0044
p17.02 ChRM 13 A 9.6 97.2 242.3 46 359.2 48.3 0.2 4.4 100 575 0.0051
p17.15 ChRM 10 A 12.1 95.6 43.1 -41.9 185.6 -57.1 184.2 -13.2 225 525 0.002
p17.23 ChRM 9 F 10.6 96.6 214.3 8.4 325.4 52.1 340.2 13.3 350 550 0.0371
p17.84 ChRM 8 A 12.1 95.6 86.8 -65.3 230 -35.3 219.4 -2.1 200 500 0.0049
p17.98 ChRM 13 F 7.9 98.1 169.9 -2.8 232.3 52 301.3 57.4 0 550 0.0225
p18.22 ChRM 10 F 21.5 86.6 164.2 21.3 211 71.1 343.4 61.4 0 450 0.0027
p18.31 ChRM 5 A 21.2 86.9 222.3 14.1 342.1 49 349 6.7 0 250 0.003
p18.83 ChRM 12 A 7.4 98.3 211.8 5 322.1 55.6 339.8 17.2 100 550 0.0045
p18.93 ChRM 10 A 14 94.2 159.2 1 229.2 47.5 292.2 58.4 275 525 0.0042
p19.08 ChRM 7 F 30.9 73.6 192 45.1 335.5 81.2 357.3 38.1 0 400 0.0013
p19.16 ChRM 18 A 9 97.6 209.6 23.3 359.7 63 1.1 19.1 0 650 0.0142
p19.49 ChRM 13 A 2.2 99.9 233 -0.7 324.3 27 328.5 -9.2 0 550 0.0756
p19.92 ChRM 15 A 9.8 97.1 207.2 22.9 336.7 64.3 350.6 22.2 0 600 0.005
p20.02 ChRM 18 A 10.5 96.7 205.8 15.3 356.8 65.1 359.9 21.3 100 650 0.0089
p20.08 ChRM 17 A 5.4 99.1 210.3 19.2 359.3 61.5 0.8 17.6 100 600 0.0046
p20.16 ChRM 6 A 19.4 89 106.1 -70.6 224.5 -22.1 221.8 11.7 150 350 0.0017
gnm418 ChRM 7 A 6.3 98.8 195 -45.2 148.9 16.5 131.1 41.5 225 450 0.0012
CHARACTERISTIC COMPONENTS OF MAGNETIZATION (ChRM)
Core Geographic Tilt-Corrected
Treatment min-max (°C)
Comp. Type of component
N Number of demagnetization steps used to define the magnetic component
A/F Magnetic component anchored to origin (A) or free from origin (F)
MAD Mean Angular Deviation of the magnetic component 
%VAR Percentage of Variance
Dec Declination of the magnetic component
Inc Inclination of the magnetic component
LEGEND
a.4
p20.29 ChRM 9 A 19 89.3 225.2 33.9 331.6 53.7 344.3 13.2 100 500 0.0021
p20.39 ChRM 7 A 15.9 92.5 229.6 12.6 314.7 41.3 328.3 7.1 200 500 0.0042
gnm419 ChRM 7 A 15.8 92.6 145.8 5 319.9 40.2 332.7 5 0 350 0.0027
gnm420 ChRM 5 A 10.9 96.4 172.1 7.7 356.5 50.1 1 7.7 0 225 0.0013
gnm422 ChRM 9 A 7.2 98.4 148.2 41.3 272.8 66.6 333.1 41.3 350 550 0.0021
gnm423 ChRM 7 A 9.1 97.5 31.2 -29 239.3 -58.9 209.1 -29 200 375 0.0027
gnm424 ChRM 5 A 7.2 98.4 46.8 1.1 233.3 -26.4 225.7 1.1 250 425 0.017
m50 ChRM 6 A 2.8 99.8 188.6 17.5 316.3 76.8 86 61 400 525 0.0058
m51 ChRM 3 F 5.5 99.1 196.4 29.6 6.2 74.9 78.2 49.7 425 475 0.0012
gnm426 ChRM 4 F 19.7 88.6 335.4 -38.8 111.9 -70.7 167.3 -38.8 200 275 0.0003
m54 ChRM 9 A 7.3 98.4 134.2 55.6 238.4 63.6 145.7 64.2 300 525 0.004
m55 ChRM 12 F 10.7 96.6 181.1 22.3 240.3 68.3 135 63.8 300 600 0.0062
gnm01 ChRM 7 F 8.8 97.7 350.7 9.6 256.8 -68.8 271.6 -31.2 100 320 0.001
gnm5 ChRM 3 A 5.3 99.2 29.2 -35.2 251.3 -63.7 216.1 -35.2 150 250 0.0012
gnm6 ChRM 5 F 26.2 80.5 17.2 -17.1 222.4 -49.1 209.7 -14.7 200 300 0.0007
gnm7 ChRM 6 F 15 93.3 37.8 -40.3 270.5 -61.9 225.7 -40.3 150 300 0.0004
gnm8 ChRM 3 F 37.9 62.3 321.9 3.7 145.6 -25.5 150.8 3.7 150 250 0.0002
gnm9 ChRM 7 F 26.2 80.6 48.5 -28.4 261.6 -46.3 237.4 -28.4 100 375 0.0008
gnm11 ChRM 5 F 18.4 90.1 27.1 -38.3 261.4 -68.6 210 -38.3 150 350 0.0009
gnm12 ChRM 5 A 23.4 84.2 315.2 -23.8 133 -45.4 155.1 -23.8 225 375 0.0003
gnm14 ChRM 6 F 8.4 97.8 326.4 -10 230.5 -56.9 213.5 -22.5 150 300 0.0023
gnm499 ChRM 7 A 7.5 98.3 181.8 2.1 1.4 44.1 6 14.1 0 450 0.0019
gnm18 ChRM 12 A 5.7 99 158.1 47.2 285.6 75.3 351 47.2 250 575 0.007
gnm20 ChRM 17 F 15.1 93.3 330.3 32.1 162.7 -9.2 158.2 32.1 100 575 0.0047
gnm23 ChRM 4 F 3.6 99.6 34.1 -39.9 277.2 -64.3 229 -39.9 150 300 0.0019
gnm24 ChRM 8 F 9.3 97.4 34.5 -26.9 249.3 -57.8 212.4 -26.9 100 350 0.0039
gnm27 ChRM 6 F 18.5 89.9 1.2 -8.2 184.7 -49.2 184.1 -8.2 150 320 0.003
gnm28 ChRM 4 F 15.3 93 45.5 -51.4 302.5 -61.3 235.4 -51.4 150 300 0.0017
gnm29 ChRM 15 A 12.7 95.2 37.1 -20.9 124.2 -42.9 172.5 -72.8 250 650 0.0031
gnm29a ChRM 15 A 6.7 98.6 194.5 -24.1 38.3 51.2 28.6 14.6 100 550 0.0164
gnm30 ChRM 10 A 13.3 94.7 188.6 -13.8 28.9 21.8 28.5 -13.8 200 550 0.0049
gnm301 ChRM 10 A 9.1 97.5 149.5 23.5 328 47.8 341.4 23.5 275 550 0.0034
gnm33 ChRM 14 A 10 97 153.3 57.2 27 49.8 56.3 29.2 200 625 0.0059
gnm34 ChRM 11 A 5.7 99 154.6 48 279.3 72.9 356.5 48 275 570 0.0326
gnm35 ChRM 15 A 14.2 94 29.6 -4.9 234.7 -41.2 223.5 -4.9 0 550 0.007
gnm35b ChRM 8 F 9.4 97.3 22.9 -58.5 264 -73.6 213.8 -43.7 100 350 0.0055
gnm37 ChRM 6 F 21.9 86.1 12.6 -50.3 296.4 -81.7 205.5 -50.3 150 300 0.0018
gnm37b ChRM 9 A 10 97 345.7 18.9 28 -44 349.7 -41.7 150 525 0.0069
gnm38 ChRM 13 A 5.7 99 161.2 47.7 278.3 77.4 346.1 47.7 250 600 0.0129
gnm40 ChRM 11 A 7.8 98.2 12 -39.5 243.7 -77.9 205.9 -39.5 200 550 0.0106
m1 ChRM 9 A 5.4 99.1 233.7 6.6 339.9 36.4 15.2 46.6 0 400 0.023
gnm41a ChRM 12 A 5.7 99 227.2 -28.7 52 -2.2 59.1 -28.7 150 475 0.0115
m2 ChRM 16 F 7.4 98.3 7.4 -20.8 241.1 -75.2 269.2 -39.1 100 600 0.0127
gnm41b ChRM 10 F 12.8 95.1 34.9 -13 240.9 -46.3 221.8 -13 100 450 0.0119
m3.1 ChRM 8 F 16.4 92.1 1.8 -49.8 267.3 -56.2 273.2 -17.8 350 525 0.0011
m3.2 ChRM 5 A 6 98.9 173.2 -12.4 246.2 69.5 130.4 65.2 350 450 0.0029
gnm42 ChRM 14 A 6.5 98.7 15.5 -45.9 223.7 -73.1 199.4 -45.9 150 525 0.0107
m4 ChRM 5 F 14.4 93.8 128.3 -39.1 222.4 15.2 206.4 31.1 300 425 0.0023
gnm43a ChRM 11 A 2.1 99.9 137.5 74.5 235.8 68.1 342.9 74.1 250 550 0.0317
gnm44 ChRM 16 A 2.1 99.9 83.5 -57.9 188.5 -16.9 200.2 -15.2 0 570 0.1954
m5 ChRM 6 F 4.3 99.4 342.3 -18.2 338.3 -72.5 300.5 -39.6 100 350 0.0115
m6 ChRM 7 F 26.2 80.5 223.4 15 321 47.7 19.5 64.5 375 525 0.0023
m7 ChRM 5 F 11.9 95.7 324.5 -80.6 272.3 -45.4 275 -6.8 200 375 0.0031
gnm48 ChRM 9 A 15.1 93.2 115.8 55.1 270.9 56.2 318.7 55.1 350 575 0.0032
gnm49 ChRM 4 F 7.3 98.4 67.2 5.5 257.2 -12.8 255.2 4.2 150 400 0.0033
m8 ChRM 4 F 10.6 96.6 138.2 1 245.6 42.6 196.5 64.4 350 425 0.0008
gnm50 ChRM 12 A 6.3 98.8 45.6 -43.3 281.4 -58.4 244.5 -43.3 100 450 0.0072
m10 ChRM 7 A 12.8 95.1 208.1 -5.2 299 47.1 359.8 77.9 300 475 0.0018
gnm52 ChRM 8 F 9 97.5 48.7 -33.9 260.5 -49.2 236.6 -33.9 100 375 0.0027
gnm53 ChRM 7 F 20.8 87.4 271.2 -43.2 190.9 -39.2 194.9 -16.3 150 350 0.0028
gnm54 ChRM 5 F 13.2 94.8 19.6 -13.6 215 -42.3 208.5 -13.6 150 275 0.0005
gnm541 ChRM 6 F 5.6 99.1 86.9 -79.2 349.3 -56.1 275.8 -79.2 0 400 0.0074
gnm55 ChRM 6 A 7 98.5 14.5 -33.9 220.3 -63.1 207.4 -33.9 100 425 0.0028
m11 ChRM 4 F 11.7 95.9 17.9 -32.2 233.7 -67.1 261.3 -33.5 100 250 0.0015
gnm63 ChRM 9 F 12.1 95.6 65.2 -32.4 285.3 -40 260.1 -32.4 150 425 0.0028
gnm65 ChRM 6 A 3.6 99.6 181 -5.6 5.2 36.4 4.9 -5.6 150 425 0.0025
gnm68 ChRM 10 A 10.1 96.9 2.4 -25.7 190.9 -64.7 188.3 -25.7 100 475 0.0045
gnm71 ChRM 6 A 9.9 97.1 6.9 -20.4 196.3 -60.9 189.8 -20.4 100 400 0.0033
gnm77 ChRM 7 A 5.9 98.9 359.8 -19.5 185.7 -57.5 185.7 -19.5 150 475 0.0033
gnm81 ChRM 13 A 8.5 97.8 353.8 -20.3 172.6 -61.8 178.7 -20.3 0 450 0.0041
gnm82 ChRM 18 A 12.3 95.5 4.6 -18.3 194.7 -60 190.5 -18.3 100 625 0.0031
gnm84 ChRM 6 F 6.9 98.6 13.7 -36.2 222.8 -71.5 199.6 -36.2 225 400 0.0021
gnm87 ChRM 18 F 17.9 90.6 37 -14.5 254.3 -46.9 232.9 -14.5 100 600 0.0036
gnm88 ChRM 11 F 9.3 97.4 220.8 -53.6 37.5 -15.4 54.7 -53.6 225 525 0.0024
gnm89 ChRM 16 F 15.2 93.2 14.2 -33.2 242.6 -73.8 209.1 -33.2 150 575 0.0032
gnm90 ChRM 7 A 15.8 92.6 1.4 -20.5 199.7 -69.5 197.3 -20.5 150 425 0.0038
gnm96 ChRM 15 A 3.2 99.7 22.4 -57.9 285.6 -78 204.3 -57.9 100 525 0.0241
gnm97 ChRM 12 A 4.6 99.4 32.2 -21.2 260.1 -52.8 237.1 -21.2 100 450 0.0083
gnm98 ChRM 4 A 9.6 97.2 338.4 -40.7 266.7 -64.7 224.1 -39.2 250 350 0.0038
gnm99 ChRM 15 A 8.8 97.7 356.6 -43.3 174.3 -84.7 207.4 -43.7 100 575 0.0201
gnm102 ChRM 16 A 7 98.5 21.6 -43.4 252.8 -72.3 212.5 -43.4 150 575 0.0089
gnm103 ChRM 12 A 9 97.5 34.1 -37 259.2 -60.7 227 -37 100 450 0.0092
gnm105 ChRM 15 A 8.8 97.7 16.9 -25 237.7 -60.9 221.8 -25 100 525 0.0049
gnm110 ChRM 14 A 7.2 98.4 355.7 -14.6 195.6 -55.4 198.6 -14.6 0 475 0.0053
gnm111 ChRM 4 F 14 94.2 23.7 -15.7 232 -50 218.6 -15.7 150 300 0.0007
gnm112b ChRM 9 A 12.2 95.5 14 -19.4 228.6 -58.3 216.9 -19.4 100 425 0.0012
gnm117 ChRM 10 A 10.9 96.4 19.1 -33.8 235.8 -66.5 212 -33.8 100 475 0.0023
gnm118 ChRM 6 F 8.8 97.7 36.4 -42.3 233.2 -52.8 216.8 -19.5 150 300 0.0015








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Options R-coefficient t-value Confidence min t-value
1 -0.26452 -1.2266629 90% 1.325

































Options R-coefficient t-value Confidence min t-value
1 -0.26452 -1.2266629 90% 1.325

































Magnetostratigraphy Duration (Myr) Magnetostratigraphy Thickness (m)
E13n.2n 0.9 MPA-1n 1.7
E13r 0.8 MPA-1r 3.6
E14n 1.2 MPA-2n 5.4
E14r 1.4 MPA-2r.1r 2.2
E15n 0.9 MPA-2r.1n 1.0
E15r.1r 0.2 MPA-2r.2r 1.1
E15r.1n 0.1 MPA-3n.1n 1.6
E15r.2r 0.35 MPA-3n.1r 0.3
E16n 1.7 MPA-3n.2n 3.2
E16r 0.3 MPA-3n.2r 0.1
E17n 0.4 MPA-3n.3n 2.0
E17r 1.3 MPA-3r 6.0
E18n 0.6 MPA-4n 2.9
E18r 0.35 MPA-4r 3.9
E19n 0.15 MPA-5n.1n 1.5
E19r 0.5 MPA-5n.1r 0.8
E20n 0.2 MPA-5n.2n 0.5








Comp. Type of component
N Number of demagnetization steps used to define the magnetic component
A/F Magnetic component anchored to origin (A) or free from origin (F)
MAD Mean Angular Deviation of the magnetic component 
%VAR Percentage of Variance
Dec Declination of the magnetic component
Inc Inclination of the magnetic component
LEGEND
a.8
Sample Comp. N A/F MAD %VAR Dec Inc Dec Inc Dec Inc Magnetization (10-2A/m)
mes2.1 C 3 F 11.2 96.2 322.3 51.7 340.5 -8.3 326.1 -45.3 475 525 0.0004
mes4.1 C 7 F 19 89.4 292.9 74.5 358.3 14.3 356.9 -29.6 450 600 0.0023
mes6.1 C 5 A 9.8 97.1 73.6 48.4 45.9 6.9 51.7 -29 500 600 0.0011
mes8.1 C 13 A 4.4 99.4 7.5 53.7 17.6 -14 24.1 -58.3 200 575 0.0128
mes10.1 C 3 F 3.8 99.6 319.4 51.2 341.9 2.4 334.2 -36.4 475 525 0.0001
mes12.1 C 9 A 5.7 99 114.4 11.1 126.9 24.4 99.9 35.8 150 450 0.0039
mes16 C 3 A 4.5 99.4 103.1 -71 157.1 -57.3 172.3 -15.9 200 300 0.0016
mes18 C   11 A 4 99.5 111 -62.1 191.3 -24.3 191.3 20.7 250 550 0.0073
mes20.1 C 3 F 7.9 98.1 174.5 -20.8 188.8 32.9 185.3 77.9 300 375 0.0006
mes22.1 C 4 F 15.4 93 281.9 -54.7 221.3 -37.4 214.4 3 375 450 0.0007
mes24 C 4 F 22.5 85.4 353.9 46.2 16.6 16.4 17.2 -28.3 450 525 0.0005
mes26.2 C 7 A 4 99.5 128 -44.2 172.2 -25.7 173.2 17.4 250 450 0.0019
mes28.2 C 3 F 8.1 98 95.6 -72.5 172.8 -16.4 171.6 26.7 100 250 0.0005
mes30 C 3 F 22.8 85 332.5 4.3 9.8 -23.9 9.8 -69 500 550 0.0004
mes36.1 C 3 F 11 96.4 88.1 70.5 49 21.9 47.1 -14.2 300 375 0.0003
mes38.1 C 3 F 12.9 95 256.5 53.3 298.9 25.5 310.8 5.6 500 550 0.0002
mes40.1 C 13 A 7.6 98.3 44.2 -53.9 115.5 -61.5 157.1 -32.1 0 575 0.0037
mes42.1 C 9 F 8.2 98 117.5 -6.9 102.7 19.7 87.6 15.7 375 575 0.0069
mes44 C 7 F 7.6 98.3 43 -54.9 133.6 -65.3 166.7 -28.7 150 450 0.004
mes48.1 C 3 F 12.8 95.1 123.9 -9.7 197.9 -4 200.4 40.4 425 475 0.0003
mes50.1 C 3 F 13.9 94.3 130.6 15.7 108.9 42.8 71.2 34.1 100 200 0.0005
mes58.1 C 4 F 14.3 93.9 91.6 50.5 48.6 12.6 51.3 -22.7 250 375 0.0014
mes60.2 C 5 F 12.6 95.3 52.5 -25.1 38.5 -44 107.5 -69.7 200 375 0.0007
mes62.1 C 3 A 5.2 99.2 24.1 62.5 351.1 12.4 348.5 -30.1 400 450 0.0004
mes66.1 C 3 F 13 95 259 27.2 288.6 27.4 305.6 13.3 500 550 0.0004
mes70.1 C 3 F 4.6 99.4 21 32 73.1 -12.6 89.7 -27.8 475 525 0.0005
mes72.1 C 4 F 10.7 96.5 67.9 -8.6 72.7 -22.6 98 -34.8 400 475 0.0006




Sample Comp. N A/F MAD %VAR Dec Inc Dec Inc Dec Inc Magnetization (10-2A/m)
mes16 C 3 A 4.5 99.4 103.1 -71 157.1 -57.3 172.3 -15.9 200 300 0.0016
mes38.1 C 3 F 12.9 95 256.5 53.3 298.9 25.5 310.8 5.6 500 550 0.0002
mes40.1 C 13 A 7.6 98.3 44.2 -53.9 115.5 -61.5 157.1 -32.1 0 575 0.0037
mes42.1 C 9 F 8.2 98 117.5 -6.9 102.7 19.7 87.6 15.7 375 575 0.0069
mes44 C 7 F 7.6 98.3 43 -54.9 133.6 -65.3 166.7 -28.7 150 450 0.004
mes50.1 C 3 F 13.9 94.3 130.6 15.7 108.9 42.8 71.2 34.1 100 200 0.0005
mes60.2 C 5 F 12.6 95.3 52.5 -25.1 38.5 -44 107.5 -69.7 200 375 0.0007
mes66.1 C 3 F 13 95 259 27.2 288.6 27.4 305.6 13.3 500 550 0.0004
mes72.1 C 4 F 10.7 96.5 67.9 -8.6 72.7 -22.6 98 -34.8 400 475 0.0006




LEG 122-SITES 759/760/761-HOLES 759B/760B/761C
Sample Dec Inc MAD Sample Dec Inc MAD Sample Dec Inc MAD
WBB3700701 132.2 75 10.9 WBC3724701 356.4 15.1 18 WBA3669601 154.2 -82.4 11.4
WBB3703601 358.7 -44.7 4.3 WBC372480 230.9 24.6 6.5 WBA3669701 249.4 -23.8 36.2
WBB3704601 242.3 -49.6 1.3 WBC372530 68.8 -31.9 11.2 WBA3669901 286 -26.6 11.8
WBB3711801 284.3 -28.2 11.4 WBC372560 299.6 17.8 6.4 WBA3670101 105.4 85.9 23.3
WBB3711901 21.7 -19.1 4.9 WBC372580 219.9 23 11.1 WBA3672001 111.9 -59.6 8.8
WBB3712001 28.8 -21 5.8 WBC372620 10.1 -19.6 22.5 WBA3672101 225.9 -65.3 7.4
WBB3712101 348.6 -25.2 6.1 WBC372650 311.2 48.8 17 WBA3673001 310.4 -24.7 5.1
WBB3712201 310.7 -42.2 5.5 WBC372690 27.2 -23.4 15.5 WBA3673301 81.6 -66 4.7
WBB3712501 110.5 -38.6 8.4 WBC372700 79.7 9.8 2 WBA3673401 198.8 -40.1 6.6
WBB3712701 359.2 -45.8 7 WBC372710 255.9 9.3 18.4 WBA3673501 195.5 30.1 25.8
WBB3712801 140.4 -5.2 7.3 WBC372720 180.2 7.1 9.2 WBA3673601 55.1 -68.2 17.7
WBB3713101 210 -20.5 9.3 WBC372740 150.8 19.6 11.8 WBA3673701 258.5 -9.4 27.6
WBB3713901 23 -8.4 8.6 WBC372750 173.6 39.1 6.7 WBA3674001 223.4 -30 13.6
WBB3714001 301.3 -81.1 13.9 WBC372970 356.1 -2.4 3.8 WBA3674101 349.7 -53.7 7.5
WBB3714101 360 55 8.1 WBC373100 15.2 -53 12.5 WBA3674201 215.3 7.5 2.1
WBB3714201 188.2 -66.7 5.3 WBC373120 203.6 -34.9 8.8 WBA3675601 246.7 58 4.8
WBB3714301 1.7 -57.2 8.1 WBC373130 241.6 -44.9 2.1 WBA3675701 43.1 19.7 7.6
WBB3714601 40.8 -21.2 2.9 WBC373140 153.7 -32 4.5 WBA3675801 75.4 -8.9 13.4
WBB3715001 359.3 -36.2 14 WBC373170 348.9 -16.9 4.7 WBA3675901 243.2 -2.4 8.3
WBB3716001 112 -40 17.7 WBC373180 60.8 -62 9.6 WBA3676001 263.3 -15.8 6.4
WBB3716101 109.6 -63.2 8.3 WBC373190 29.4 -4.7 7.2 WBA3676101 289.8 48.3 6.1
WBB3716201 224.7 -54.7 4.6 WBC373200 328.5 -13.6 4.6 WBA3676301 59.5 -34.8 12.4
WBB3716501 64.2 -54.1 4.7 WBC373210 131 -16 5.9 WBA3676401 33.9 -29.5 18.1
WBB3717201 275 -66.4 14.7 WBC373260 349.1 -57.5 8.8 WBA3676501 269.3 40.6 29.4
WBB3717601 21.2 -34.2 10.7 WBC373310 40 -35.9 8.2 WBA3676601 232 -53.7 5
WBB3717701 356.5 -45.4 4.9 WBC373370 20.8 -12.3 6.3 WBA3676701 260 -32 10.4
WBB3717801 11.2 44.5 20.8 WBC374210 155.5 -25 11.9 WBA3676901 54.7 -65.8 19.2
WBB3718501 99.5 -45 9.3 WBC374230 326.9 -17.2 3.3 WBA3677001 220.2 -31 20.9
WBB3719401 247.3 -60.7 6.5 WBC374240 127.3 -32.1 6.9 WBA3677101 277.5 -35.6 8.1
WBB3719701 84 -32.4 10.2 WBC374250 93.1 -16.5 4.5 WBA3677301 333.6 -72.6 16.6
WBB3719801 282.9 -51.6 10.7 WBC374270 79.3 -27.1 6.6 WBA3677401 55 -31.5 6.6
WBB3719901 0.6 -19.6 11.1 WBC374280 84.2 -46.4 5.7 WBA3677501 38.4 -25.7 6.6
WBB3720201 182.5 -70.4 11.3 WBC374320 316.2 -26.3 14.3 WBA3677701 110.7 79.2 4.5
WBB3720701 326.7 -60.7 13 WBC374330 81 -37.3 8.4 WBA3683701 236.3 61.8 16.8
WBB3720801 16.7 58 9.1 WBC374360 283.9 -75.1 17.4 WBA3685801 44.4 -36.9 4
WBB3715201 334.8 -40.6 5.3 WBC374380 51.6 33 12.4 WBA3687401 205.8 -42.1 14.5
WBB3715501 -64.9 27.6 10.4 WBC374470 55.5 -33.1 11 WBA3689101 46.1 -51.3 3.5
WBB3715601 -179.8 55.5 11.2 WBC374550 163.8 -20.5 9.6 WBA3689401 54.7 -57.9 5.5
WBC371580 199.3 -65.7 7.4 WBC374590 135.1 46 5 WBA3690101 79 75.1 15.9
WBB3715901 -65.4 41.2 7.4 WBC374600 336.1 -72.8 3.4 WBA3690701 32.1 -82.7 13.8
WBB3716901 -330.3 59.1 4.6 WBC374690 41.5 -58.8 5.9 WBA3691010 322.8 -28.6 8.4
WBB3717001 -252 13.1 7.2 WBC374700 27.5 -22.8 21.5 WBA3691101 32.9 -65.8 34.5
WBB3718001 257 -62.3 7.5 WBC374720 261.2 -32.8 12.8 WBA3691201 37.7 -18.1 15
WBB3718201 -70.8 44.4 7.9 WBC374730 63.3 31 11.2 WBA3693201 132.7 -67.5 12.7
WBB3718301 348.1 -59.3 7.9 WBC374750 106 -38 13.3 WBA3693301 191.4 -38.9 12.1
WBB3718601 -327 42.6 13.6 WBC374760 276.7 -29.4 8.4 WBA3693501 272.9 24.8 17.9
WBB3718701 -141.7 44.7 13.8 WBC374770 71.6 -29.1 16 WBA3693801 142.5 -32.9 27.8
WBB3719101 -85.5 55.6 1.3 WBC374780 86 -11.5 10.6 WBA3693901 302.3 -55.6 16.7
WBB3719201 -339.2 38.8 25.3 WBC374140 59.1 -65.7 12.4 WBA3694401 344.5 33.9 1.7
WBB3719301 -280.7 22.9 9.5 WBC374160 358.2 -16 22.7 WBA3694501 111.7 -59.8 14.4
WBB3720901 -43.5 50.9 10.7 WBC374170 20.6 -36.3 18.7 WBA3694601 212 -69 6.2
WBB3721001 -357.5 17 3.9 WBC374190 352 -41.9 8 WBA3694701 101.3 -53.5 10.4
WBB3721201 32.6 38.1 7.9 WBC374480 14.3 -27.5 10.6 WBA3694801 183.3 -35.5 4.9
WBB3721301 103.2 46.5 11.5 WBC374490 28.4 -57.9 6.9 WBA3694901 122.5 -34.8 10.8
WBB3721401 39.8 0 7.6 WBC374820 65.4 -1.5 16.7 WBA3695901 109 -40.1 13.7
WBB3721501 -148.5 48.5 12.4 WBC374830 29 -13.5 6.1 WBA3699601 250.3 -67.2 12.9
WBB3721701 137.6 26.4 2.2 WBC374850 55.1 -16.8 13 WBA3699701 108.9 -32.7 5
WBB3721801 103.1 -47.5 10.1 WBC374860 65 -43 9.6 WBA3699801 11.8 -61.6 2.7
WBB3722101 40.9 -7.3 19.6 WBC374880 210.2 -23.3 18 WBA3699901 277.6 32.2 6
WBB3722301 36.1 -68.8 2.2 WBC374900 336 -41.8 11.5 WBA3700001 354.3 -50.4 23.3
WBB3722401 46.6 -34.9 8.5 WBC374910 329.1 -32.8 8.6
WBB3722501 343.1 51.3 5.8 WBC374920 94.8 -60.5 17.6
WBB3722901 84.7 -34.2 2.1 WBC374930 261.6 -15.1 4.4
WBB3723001 31.9 -28.4 17.8 WBC374940 175.3 26.4 8.4
WBB3723101 213.6 -49.1 10.7 WBC375000 278.1 -59.7 8.7
WBB3723401 326.7 -50.1 16.4 WBC374990 260.8 -59.1 8.8
WBB3723501 42.7 -47.8 4.6 WBC375010 41.6 -47.7 13.7
WBB3723601 225.3 -16.6 9.1
WBB3724001 241 -31.9 7.7
WBB3724101 337.8 -34.8 7.8
WBB3724201 333.7 -42.9 10.8
LEG 122-SITE 759-HOLE B  ChRM LEG 122-SITE 760-HOLE B  ChRM LEG 122-SITE 761-HOLE C  ChRM
MAD Mean Angular Deviation of the magnetic component 
Dec Declination of the magnetic component
Inc Inclination of the magnetic component
LEGEND
a.10
ID Sample Component N° of points Anchored/Free MAD VAR (%) Core Dec. Core Inc. Geog. Dec. Geog. Inc. Mag. Dec. Mag. Inc. Min T (°C) Max T(°C) J comp. (10-2 A/m)
pgm0,30 C 13 A 5.2 99.2 319 76.5 9.4 60.6 36.8 35.2 100 575 0.0051
pgm0,53 C 9 A 7.4 98.3 190.6 63.9 358.7 70.2 40.7 45.3 200 550 0.0018
pgm0,79 C 3 A 6.5 98.7 161.9 41.6 81.9 76 72.2 42.3 300 375 0.001
pgm0,94 C 7 A 8.9 97.6 174 62.1 14.5 66.6 43.4 38.8 300 525 0.0015
pgm1,59 C 5 A 8.9 97.6 183.1 55.6 323.5 77.2 44.3 57 250 425 0.002
pgm1,69 C 6 A 10.8 96.5 47.6 -74.3 182.1 -56.9 210.4 -34.5 350 500 0.0008
pgm1,94 C 2 A 4.1 99.5 42.7 -10.8 170.4 -47.9 197.1 -32.1 475 500 0.0014
pgm3,16 C 10 A 14.6 93.6 11.8 -82.9 197.7 -57.9 219.4 -30.7 250 550 0.0009
pgm3,40 C 4 A 12.4 95.4 133.4 -70.2 203.7 -46.2 217.2 -18.6 425 525 0.0015
pgm3,85 C 5 A 4.5 99.4 255.1 41.1 13.6 39.6 27.2 15.9 250 475 0.0022
pgm4,48 C 9 A 5 99.2 54.6 -75.4 176.6 -63.9 213.8 -41.6 200 525 0.003
pgm4,76 C 2 A 8.2 97.9 3.2 -64.7 184.5 -63.2 216.5 -38.7 425 450 0.0012
pgm5,56 C 7 A 8.2 97.9 37.5 -36.4 150.2 -57.4 195.3 -47.5 350 500 0.0024
pgm5,83 C 7 A 17.7 90.8 18.4 -28.9 166.9 -72.1 219.6 -49.5 350 500 0.004
pgm6,23 C 14 A 4.9 99.3 217.4 13 355.5 53.7 24.4 34.4 100 550 0.0162
pgm6,63 C 6 A 3.3 99.7 0.7 -51.2 187.3 -68.7 222.3 -42.2 300 475 0.0028
pgm7,03 C 6 A 13.9 94.2 23.5 -63.9 131.9 -70.5 211 -59.6 200 425 0.0056
pgm7,41 C 4 A 11.8 95.8 351 -78 185.9 -55.8 211.6 -32.4 350 550 0.0019
pgm7,51 C 11 A 6.8 98.6 204.8 69.6 3 43 21.7 23 150 525 0.0188
rad8 C 8 A 18.1 90.3 225.4 42.5 323.8 51.3 3.7 45.6 400 575 0.0039
rad7 C 12 A 3.9 99.5 261.2 -4.6 279.7 5.5 287.2 32.5 250 575 0.0349
rad3 C 15 A 9 97.5 182.4 67.7 5.5 52.2 28 28.8 150 625 0.0049
rad1 C 5 A 9 97.5 236.4 74.3 346.3 42.4 9.4 28.6 350 500 0.0025
pgm13,50 C 13 A 5.9 98.9 25.5 -40.5 189.2 -60.8 216.9 -35.5 250 675 0.0392
pgm13,83 C 6 A 6.4 98.7 212.2 26.1 313.4 61.3 14.4 56.8 375 550 0.0065
pgm14,06 C 8 A 12.1 95.6 213 15.8 343.9 58.4 22.8 42.4 350 550 0.0028
pgm14,18 C 10 A 11.3 96.1 193.6 18.5 2.6 73.8 45.8 46.9 150 625 0.0061
pgm14,31 C 10 A 5.9 99 255.9 70.3 359 52.4 25.5 32.1 300 550 0.0031
pgm14,54 C 10 F 16.1 92.3 213.2 34.7 346.8 61.7 27.5 43.4 350 575 0.0028
pgm14,64 C 6 A 7.2 98.4 219 28.1 348.8 54.8 21.8 37.9 250 475 0.0045
pgm15,15 C 7 A 4.4 99.4 213.8 19.7 334.6 53.9 13.5 43.4 300 475 0.0046
pgm15,30 C 11 A 3.1 99.7 217.3 47.8 344.3 54.3 18.9 39.5 150 550 0.0232
pgm15,50 C 6 A 14.3 93.9 201.9 54.8 354.3 51.5 22 33.2 250 425 0.0019
pgm15,80 C 13 A 13.1 94.9 202.9 56 5.6 57.5 32.7 33.9 100 650 0.0038
pgm16,00 C 11 A 4.8 99.3 190.7 40.6 359.7 65.6 36.5 41.9 150 525 0.006
pgm16,20 C 7 A 18.6 89.8 193.1 42.5 2.9 58.4 32 35.5 250 575 0.0037
pgm16,27 C 5 A 5 99.2 178.7 44.3 355.4 60.7 30.3 39.7 250 425 0.0036
pgm16,61 C 7 A 15 93.3 183 43.3 344.8 62.6 27.5 44.7 150 425 0.0041
pgm16,85 C 8 A 11.7 95.9 179.4 59.8 352 52.2 21.3 34.7 300 600 0.0043
pgm17,30 C 4 A 8.7 97.7 164 42.8 13.7 59 37.9 32.7 250 450 0.0025
pgm17,44 C 5 A 8.2 98 182.5 54.2 344.8 57.8 22.5 41.6 350 450 0.0028
pgm17,58 C 5 A 10.8 96.5 165 48 19.7 66.8 45.8 38 300 475 0.0009
pgm17,86 C 7 A 13.6 94.5 192.8 67.3 8.4 52.9 31.1 29.3 100 525 0.0036
pgm18,65 C 7 A 16.9 91.6 193 55.9 7.7 62.5 37.4 37.3 250 600 0.0054
pgm18,84 C 9 A 9.5 97.3 234 42.7 343.2 44.4 9.8 32.7 300 550 0.0041
pgm19,56 C 9 A 8.6 97.8 208.6 36 323.1 65 23.2 54.1 0 525 0.0109
pgm20,05 C 4 A 14.8 93.5 40.8 -32.1 183 -56.4 210.5 -33.8 525 600 0.0022
PIGNOLA-2 Characteristic components (ChRM)
ID Sample Component N° of points Anchored/Free MAD VAR (%) Core Dec. Core Inc. Geog. Dec. Geog. Inc. Mag. Dec. Mag. Inc. Min T (°C) Max T(°C) J comp. (10-2 A/m)
md9,5 C 3 A 10.2 96.9 155.6 85.1 5.2 38.5 30 39 150 250 0.0031
md14,5 C 2 A 5.9 99 167.5 56.3 12.9 66.1 65 54.3 0 100 0.0014
md15,9 C 3 F 3 99.7 234.9 -24.2 165 19.5 160.3 1.4 425 475 0.0007
md17,8 C 5 A 6.5 98.7 351.3 -55.3 151.3 -66.9 237 -70.2 300 500 0.0057
md24,3 C 3 A 3.3 99.7 106.4 67.8 5 38.2 29.7 38.9 250 425 0.0079
md25,8 C 13 A 6.4 98.8 318 -8.3 220.4 -48 242 -31.4 150 550 0.5262
md28,0 C 5 A 5.5 99.1 112.8 68.8 318.1 33.3 337.8 57 150 375 0.0115
md38,1 C 6 A 7.1 98.5 303.1 -34 197.9 -33.5 216.3 -28.9 200 400 0.0994
md39,0 C 2 F 0 0 248.5 -50.4 215.9 -13 219.9 -2.5 250 300 0.0043
md39,9 C 3 A 10.7 96.5 53 -61.1 146.1 -33.2 168 -53.7 400 450 0.0145
md42,7 C 4 F 26.6 79.9 302.3 85.9 332.8 21.8 347.8 40.8 100 250 0.0021
md48,0 C 3 F 12.6 95.2 256.8 65.3 19.4 40.2 40.2 43.4 100 200 0.0014
md51,7 C 3 F 14.3 93.9 123.6 26.3 38.9 41.3 57.5 36.9 100 200 0.0007
d2 C 3 A 9.6 97.2 240.6 50.8 0.3 32.4 16.4 42.8 150 350 0.0012
d4 C 3 A 6.5 98.7 92.9 39.2 12.1 27.8 25.6 34.3 100 200 0.0027
mtv1 C 3 A 14.6 93.7 268.4 45 312.6 28.1 325.7 46.7 150 250 0.0013
mtv2 C 3 F 17.4 91 289.4 -43.7 223.1 -30.6 231.1 -14.2 375 425 0.0011
mtv5 C 3 A 4.4 99.4 44.6 -8.5 127.3 -45.4 152.1 -64.3 200 300 0.0024
mtv6 C 6 A 4.8 99.3 169.9 53.9 12.7 65 51.9 53.4 150 375 0.0014
mtv7 C 2 A 10.5 96.7 83.2 -68.3 153.7 -25.7 167.5 -36.8 425 450 0.0014
mtv8 C 5 F 20.3 88 59.6 7.7 168.9 -29.3 184.3 -33.8 200 375 0.0004
mtv11 C 3 F 7.8 98.2 258.5 27.5 336.4 20.8 347.7 31.5 150 300 0.0016
mtv12 C 3 F 11.4 96.1 287.2 51 13.1 9.2 16.4 5.6 400 475 0.0054
mtv13 C 11 A 3 99.7 169 29.2 351.4 53.6 25.8 52.7 250 550 0.0809
mtv51 C 2 F 0 0 94.1 29.8 24.6 11 27.3 2.7 200 250 0.0046
mtv52 C 12 A 4.2 99.5 132 43.2 10.3 36.8 27.2 31.5 200 550 0.1105
mtv53 C 5 A 4.4 99.4 181.3 18 10.4 43 31.1 36.7 200 450 0.4367
mtv55 C 3 F 7.6 98.2 336 -8.6 195.2 -66.3 234.6 -53.6 150 250 0.1271
mtv64 C 3 F 6.9 98.5 306.2 26.6 214.1 -26.2 221.9 -13.1 150 250 0.001
mtv67 C 3 A 5.2 99.2 180.7 44.6 19 69.6 60.3 54.8 150 250 0.0109
mtv68 C 3 F 8.7 97.7 107.9 77.9 29.6 13.6 32.9 3.1 200 300 0.0051
mtv69 C 2 A 10.6 96.6 157.8 65 37.9 52.4 56.6 35.8 350 375 0.0002
mtv72 C 2 A 1.5 99.9 137.6 84.5 16.6 14.1 21.5 8.6 150 200 0.0004
DIBONA Characteristic component (ChRM)
APPENDIX A.4
PIGNOLA-2 AND DIBONA SECTIONS
a.11
Magnetostratigraphy Duration (Myr) M zone Thick M zone Thick M zone Thick M zone Thick M zone Thick M zone Thick M zone Thick M zone Thick M zone Thick M zone Thick M zone Thick M zone Thick
E1r
E2n 0.4 MPA1n 164
E2r 0.4 MPA1r 198.5
E3n 0.2 MPA2n 54 MPA1n 164
E3r 0.2 MPA2r 186.5 MPA1r 198.5
E4n 0.4 MPA3n 40 MPA2n 54 MPA1n 164
E4r 0.2 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E5n.1n 0.3 MPA4n 321.5 MPA3n 40 MPA2n 54 MPA1n 164
E5n.1r 0.1 MPA4r 83 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E5n.2n 0.2 MPA5n 171.5 MPA4n 321.5 MPA3n 40 MPA2n 54 MPA1n 164
E5r 0.4 MPA5r 54 MPA4r 83 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E6n 0.7 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5 MPA3n 40 MPA2n 54 MPA1n 164
E6r 0.3 MPA5r 54 MPA4r 83 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E7n 1.3 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5 MPA3n 40 MPA2n 54 MPA1n 164
E7r 0.3 MPA5r 54 MPA4r 83 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E8n 0.6 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5 MPA3n 40 MPA2n 54 MPA1n 164
E8r 1.7 MPA5r 54 MPA4r 83 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E9n 0.5 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5 MPA3n 40 MPA2n 54 MPA1n 164
E9r 1.1 MPA5r 54 MPA4r 83 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E10n 0.5 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5 MPA3n 40 MPA2n 54 MPA1n 164
E10r 0.4 MPA5r 54 MPA4r 83 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E11n 0.15 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5 MPA3n 40 MPA2n 54 MPA1n 164
E11r 2 MPA5r 54 MPA4r 83 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E12n 0.2 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5 MPA3n 40 MPA2n 54 MPA1n 164
E12r 0.8 MPA5r 54 MPA4r 83 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E13n.1n 0.6 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5 MPA3n 40 MPA2n 54
E13n.1r 0.05 MPA5r 54 MPA4r 83 MPA3r 103 MPA2r 186.5
E13n.2n 0.9 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5 MPA3n 40
E13r 0.8 MPA5r 54 MPA4r 83 MPA3r 103
E14n 1.2 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5
E14r 1.4 MPA5r 54 MPA4r 83
E15n 0.9 MPA6n 604.5 MPA5n 171.5
E15r.1r 0.2 MPA5r 54




















































E13n.1n 0.6 MPA1n 164
E13n.1r 0.05 MPA1r 198.5
E13n.2n 0.9 MPA2n 54 MPA1n 164
E13r 0.8 MPA2r 186.5 MPA1r 198.5
E14n 1.2 MPA3n 40 MPA2n 54 MPA1n 164
E14r 1.4 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E15n 0.9 MPA4n 321.5 MPA3n 40 MPA2n 54 MPA1n 164
E15r.1r 0.2 MPA4r 83 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E15r.1n 0.1 MPA5n 171.5 MPA4n 321.5 MPA3n 40 MPA2n 54 MPA1n 164
E15r.2r 0.35 MPA5r 54 MPA4r 83 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E16n 1.7 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5 MPA3n 40 MPA2n 54 MPA1n 164
E16r 0.3 MPA5r 54 MPA4r 83 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E17n 0.4 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5 MPA3n 40 MPA2n 54 MPA1n 164
E17r 1.3 MPA5r 54 MPA4r 83 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E18n 0.6 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5 MPA3n 40 MPA2n 54 MPA1n 164
E18r 0.35 MPA5r 54 MPA4r 83 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E19n 0.15 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5 MPA3n 40 MPA2n 54 MPA1n 164
E19r 0.5 MPA5r 54 MPA4r 83 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E20n 0.2 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5 MPA3n 40 MPA2n 54 MPA1n 164
E20r.1r 0.2 MPA5r 54 MPA4r 83 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E20r.1n 0.05 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5 MPA3n 40 MPA2n 54 MPA1n 164
E20r.2r 1.3 MPA5r 54 MPA4r 83 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E21n 0.5 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5 MPA3n 40 MPA2n 54 MPA1n 164
E21r.1r 0.2 MPA5r 54 MPA4r 83 MPA3r 103 MPA2r 186.5 MPA1r 198.5
E21r.1n 0.05 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5 MPA3n 40 MPA2n 54
E21r.2r 0.1 MPA5r 54 MPA4r 83 MPA3r 103 MPA2r 186.5
E21r.2n 0.05 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5 MPA3n 40
E21r.3r 0.35 MPA5r 54 MPA4r 83 MPA3r 103
E22n.1n 0.4 MPA6n 604.5 MPA5n 171.5 MPA4n 321.5
E22n.1r 0.05 MPA5r 54 MPA4r 83
E22n.2n 0.3 MPA6n 604.5 MPA5n 171.5
E22r 0.3 MPA5r 54





Option 8 Option 9 Option 10 Option 11
NEWARK
Option 1 Option 2 Option 3 Option 4 Option 5
Option 24Option 18 Option 19 Option 20 Option 21
Option 6 Option 7
Option 22 Option 23
Option 12
Option 13 Option 14 Option 15 Option 16
Comp. Type of component
N Number of demagnetization steps used to define the magnetic component
A/F Magnetic component anchored to origin (A) or free from origin (F)
MAD Mean Angular Deviation of the magnetic component 
%VAR Percentage of Variance
Dec Declination of the magnetic component




Options R t-value Confidence Limit (%) t-value
Option 1 0.674150 2.738241 90% 1.383
Option 2 0.713510 3.055085 95% 1.833
Option 3 0.322390 1.021723
Option 4 0.001064 0.003192
Option 5 -0.382530 -1.242057
Option 6 -0.519850 -1.825620
Option 7 -0.358790 -1.153149
Option 8 -0.160100 -0.486576
Option 9 0.108760 0.328227
Option 10 0.421240 1.393375
Option 11 0.180860 0.551678
Option 12 -0.277120 -0.865247
Option 13 0.439070 1.466087
Option 14 -0.215130 -0.660864
Option 15 0.167620 0.510077
Option 16 -0.400550 -1.311451
Option 17 -0.354430 -1.137108
Option 18 -0.246160 -0.761925
Option 19 -0.083658 -0.251857
Option 20 -0.322480 -1.022041
Option 21 -0.107330 -0.323861
Option 22 0.067149 0.201903
Option 23 0.062290 0.187234
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ABSTRACT
A detailed magnetostratigraphic investiga-
tion of the Pignola-Abriola section of Norian 
to Rhaetian age permits the identiﬁcation of 
22 magnetic polarity reversals grouped in 10 
magnetozones. We correlate the magneto-
stratigraphy of the Pignola-Abriola section 
with the Newark astrochronological polarity 
time scale (APTS). In total, 19 correlation 
options were tested, and only one (option 7) 
yielded a statistically signiﬁcant correlation 
that was consistent with the available infor-
mation on the stratigraphic age of the Newark 
APTS. After some adjustments to minimize 
erratic variations in sediment accumulation 
rates, a ﬁnal correlation (option 7.1) was used 
to generate an age model of sedimentation 
for the Pignola-Abriola section. The Pignola-
Abriola section has been correlated with 
Rhaetian sections from the literature, notably 
the current global boundary stratotype sec-
tion and point candidate for the base of the 
Rhaetian at Steinbergkogel, Austria, where 
the Norian-Rhaetian boundary is proposed 
to be placed at a stratigraphic level contain-
ing the ﬁrst appearance datum (FAD) of 
conodont Misikella post hern steini, traced on 
the Newark APTS to ca. 209–210 Ma. Issues 
regarding the taxonomy of M. post hern steini, 
a species characterized by transitional forms 
with its ancestor Misikella hernsteini, lead us 
to propose the alternative option of placing the 
Norian-Rhaetian boundary at a prominent 
negative į13Corg spike observed in the Pignola-
Abriola section at meter 44.5, 50 cm below the 
level containing the FAD of M. post hern steini 
sensu stricto and close to the base of radio-
larian Proparvicingula moniliformis zone. This 
level has been magnetostratigraphically cor-
related to Newark magnetozone E20r.2r at ca. 
205.7 Ma. Assuming an age of ca. 201.3 Ma for 
the Triassic-Jurassic boundary, the Rhaetian 
Stage would have a duration of ~4.4 m.y.
INTRODUCTION
Current generations of time scales for the Tri-
assic System (e.g., Ogg, 2012) are based on mag-
netostratigraphic correlations between marine 
sections and the continental Newark astrochrono-
logical polarity time scale (APTS). For marine 
sections, magnetostratigraphy is tied to stage 
boundaries that are deﬁned biostratigraphically 
(e.g., Channell et al., 2003; Muttoni et al., 2004; 
Gallet et al., 2007), whereas the magnetostratig-
raphy of the Newark APTS (Kent et al., 1995; 
Kent and Olsen, 1999; Olsen and Kent, 1999; 
Olsen et al., 2011) is constrained by terrestrial 
biostratigraphy such as sporomorphs, tetrapod 
footprints, and conchostracans (e.g., Cornet , 
1977, 1993; Olsen and Sues, 1986; Fowell et al., 
1994; Lucas and Huber, 1993; Kozur and Weems, 
2005, 2010; Lucas et al., 2012).
The base of the Rhaetian Stage (Norian-
Rhaetian boundary), pending formal designation 
by the International Commission on Stratigraphy, 
is currently proposed at a stratigraphic level of the 
Steinbergkogel section (Austria) containing the 
ﬁrst appearance datum (FAD) of the cono dont 
Misikella post hern steini (Krystyn, 2010). This 
level was magnetostratigraphically correlated to 
magnetozone E16r of the Newark APTS (Hüsing 
et al., 2011), in substantial agreement with pre-
vious inferences based on magneto stratigraphic 
correlations between the Pizzo Mondello (Italy) 
and Silická Brezová (Slovakia) marine sec-
tions, which are Carnian–Norian in age, and the 
Newark APTS (Muttoni et al., 2004; Channell 
et al., 2003). The base of Newark magnetozone 
E16r is currently dated at ca. 210.3 Ma as the 
result of rescaling the Newark APTS (Kent and 
Olsen, 1999) from the base of the Orange Moun-
tain Basalts of the Central Atlantic magmatic 
province (CAMP), recently dated at ca. 201.5 Ma 
(Blackburn et al., 2013). This would imply a 
duration for the Rhaetian Stage of ~9 m.y., in 
broad agreement with the long-Rhaetian option 
of Muttoni et al. (2010; see also Muttoni et al., 
2004) and in contrast to the short-Rhaetian option 
(~2 m.y.) of Gallet et al. (2007; see discussions 
in Muttoni et al., 2010; Hüsing et al., 2011). The 
short-Rhaetian option was recently revived by 
Callegaro et al. (2012), who associated negative 
87Sr/86Sr and 187Os/188Os (Cohen and Coe, 2007; 
Kuroda et al., 2010) excursions observed starting 
at the base of the Rhaetian (deﬁned by the occur-
rence of M. post hern steini) with the emplace-
ment of the CAMP which was considered to have 
started as early as ca. 202–203 Ma on the basis 
of 40Ar/39Ar dates (Marzoli et al., 2011; Calle-
garo et al., 2012), albeit recent U-Pb dates sug-
gest rapid emplacement around ca. 201.56 Ma, 
coincident with the end-Triassic extinction event 
(Blackburn et al., 2013).
The debate over the duration of the Rhaetian 
(and Norian) is not yet settled, with two options 
proposed in the Geological Time Scale 2012 
(Ogg, 2012): The long-Tuvalian option places 
the Norian-Rhaetian boundary at 205.4 Ma and 
the Carnian-Norian boundary at 221 Ma, whereas 
the long-Rhaetian option has a Norian-Rhaetian 
boundary at 209.5 Ma and a Carnian-Norian 
boundary at 228.4 Ma. These alternative options 
arise from different approaches to time scale con-
struction. The long-Tuvalian option is grounded in 
biostratigraphic correlations of terrestrial groups 
(conchostracans, pollens, tetrapods) between the 
GSA Bulletin; July/August 2015; v. 127; no. 7/8; p. 962–974; doi: 10.1130/B31106.1; 7 ﬁgures; 2 tables; Data Repository item 2015069; 
published online 3 February 2015.
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continental sequences of the Germanic Basin 
and the Newark Supergroup–based APTS (Lucas 
et al., 2012). The long-Rhaetian option is based 
on magnetostratigraphic correlations between 
marine sections bearing stage-deﬁning fossils 
(conodonts, ammonoids) and the Newark APTS 
(Channell et al., 2003; Muttoni et al., 2004, 2010; 
Hüsing et al., 2011). In our opinion, the terrestrial 
correlation approach as the basis for the long-
Tuvalian option (Lucas et al., 2012) is ﬂawed 
by inherent difﬁculties in correlating terrestrial 
associations of, e.g., freshwater clam shrimps 
(conchostra cans) to marine-based stage bound-
aries. The base of the Rhaetian was assigned 
directly in the Newark Supergroup using sporo-
morphs (base of the Upper Balls Bluff–Upper 
Passaic palynoﬂoral zone of Cornet 1977, 1993), 
although the typical Rhaetian taxa of Europe and 
Greenland have not been found in the Newark 
Supergroup (Cornet, 1977). As a consequence, 
the Rhaetian as originally deﬁned in the Newark 
Supergroup cannot be related to the Rhaetian as 
proposed by Krystyn (2010) and reported in the 
Geological Time Scale 2012 (Ogg, 2012).
In this paper, we contribute to the deﬁnition 
of the Norian-Rhaetian boundary by present-
ing new biostratigraphic, magnetostratigraphic, 
and chemostratigraphic data from the Pignola-
Abriola section of Italy. This section records 
the FAD of M. post hern steini, occurring in the 
lower Proparvicingula moniliformis radio larian 
zone (Giordano et al., 2010). We date these 
events by means of magnetostratigraphic corre-
lation with the Newark APTS, while addressing 
in detail the taxonomic complexities vexing the 
use of the conodont M. post hern steini as proxy 
for the Norian-Rhaetian boundary level. We also 
illustrate the occurrence of a prominent negative 
δ13Corg excursion at meter level 44.5, ~0.5 m 
below the FAD of M. post hern steini (within the 
base of the P. moniliformis zone), which serves 
as a useful geochemical proxy for the Norian-
Rhaetian boundary level. The levels containing 
the negative δ13Corg excursion and the FAD of 
M. post hern steini are traced to Newark mag-
netozone E20r.2r at ca. 205.7 Ma, providing a 
younger age for the Norian-Rhaetian boundary 
relative to Hüsing et al. (2011), and very similar 
to the Norian-Rhaetian boundary in the long-
Tuvalian option described in Ogg (2012).
GEOLOGICAL SETTING
The Pignola-Abriola section crops out on the 
western side of Mount Crocetta, along the road 
SP5 connecting the village of Pignola to Abriola 
(Potenza, southern Italy; Fig. 1, section A, coor-
dinates: 40°33′23.50″N, 15°47′1.71″E). The 
road section is ~58 m thick (Fig. 2, left panel) 




































































Figure 1. The Pignola-Abriola sections (A, B) are located in the southern Apennines, near Potenza (southern Italy). 
The main section (A) crops out on the western ﬂank of Mount Crocetta, along the main road SP5 connecting the 
towns of Pignola and Abriola (40°33′23.50″N, 15°47′1.71″E), whereas the auxiliary subsection (B) crops out close 
to an unused railway tunnel located ~10 m below the SP5 road level (40°33′24.74″N, 15°46′59.59″E).
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subsection (Fig. 2, right panel) outcropping close 
to a unused railway tunnel located ~10 m below 
the SP5 road level (Fig. 1, section B, coordinates: 
40°33′24.74″N, 15°46′59.59″E). The strati-
graphic sequence is composed of the Calcari con 
Selce (i.e., Cherty Limestone) Formation, which 
was deposited in the Lagonegro Basin, a branch 
of the western Tethys Ocean characterized by 
pelagic sedimentation since the Permian (Finetti, 
1982, 2005; Catalano et al., 2001; Ciarapica and 
Passeri, 2002, 2005; Argnani, 2005; Rigo et al., 
2012). The Calcari con Selce Formation consists 
of thinly bedded cherty hemipelagic to pelagic 
limestones (mudstones, wackestones, and rare 
packstones), interbedded with shales and marls, 
with common radiolarians, conodonts, and 
sporadic bivalves. The lower part of the sec-
tion is dominated by cherty limestones, often 
dolomitized, inter calated with very thin marls 
or clayey levels (Fig. 2). The upper portion is 
instead dominated by an alternation of silici-
ﬁed limestones and black to brown or greenish, 
thinly laminated shales (Fig. 2), which are rich in 
organic matter , indicating deposition in dysoxic 
or anoxic conditions. Calcarenitic intercalations 
are also present through the section (Fig. 2). In 
particular, a 1.5-m-thick calcarenitic bank at 
~35 m from the base of the measured section has 
been used as a lithostratigraphic marker to corre-
late the Pignola-Abriola road section (Fig. 2, left 
panel) to the railway tunnel subsection (Fig. 2, 
right panel).
BIOSTRATIGRAPHY
The fossil content of the Pignola-Abriola sec-
tion consists mainly of conodonts and pyritized 
radiolarians. Here, we present an updated con-
odont and radiolarian biostratigraphy (Fig. 2) 
after recent biostratigraphic data published by 
Rigo et al. (2005), Bazzucchi et al. (2005), and 
Giordano et al. (2010).
Conodonts are well distributed along the 
entire section (representative specimens are 
listed in Table 1) and are characterized by a 
conodont alteration index (CAI) of 1.5 (Epstein 
et al., 1977; Bazzucchi et al., 2005; Rigo et al., 
2005). The following main events have been 
recognized (Fig. 2):
(1) the ﬁrst occurrence (FO) of Mockina 
bidentata at meter 7;
(2) the FO of Misikella hernsteini at meter 
21.5, associated with the FO of Parvigondolella 
andrusovi;
(3) the FO of the Misikella hernsteini/post-
hern steini morphocline at meter 33.5;
(4) the FO of Misikella buseri at meter 32;
(5) the FAD of Misikella post hern steini at 
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Figure 2. The Pignola-Abriola sections. From left to the right: conodont and radiolarian biostratigraphy (see 
Table 1 for key species), lithostratigraphy, virtual geomagnetic pole (VGP) latitudes calculated from charac-
teristic remanent magnetization (ChRM) component directions, and derived magnetostratigraphy and chemo-
stratigraphy (į13Corg) of the Pignola-Abriola section. To the right is lithostratigraphy and VGP latitudes of the 
auxiliary subsection B. Black is normal polarity, and white is reverse polarity. The levels containing the ﬁrst ap-
pearance datum (FAD) of conodont Misikella post hern steini sensu stricto and the marked decrease in the į13Corg to 
~–30‰ used to deﬁne the Norian-Rhaetian boundary are highlighted by dashed horizontal lines.
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(6) the FO of Misikella ultima at meter 54.
The radiolarian associations are well pre-
served and conform to the biozonation proposed 
by Carter (1993):
(1) Sample PR14 at meter 25 yielded a radio-
larian assemblage referable to the Betraccium 
deweveri zone (Carter, 1993) and consisting 
of Betraccium deweveri Pessagno and Blome, 
Praemesotaturnalis gracilis Kozur and Mostler, 
Tetraporobrachia sp. aff. T. composita Carter, 
Ayrtonius elizabethae Sugiyama, Citriduma sp. 
A sensu Carter (1993), Globolaxtorum sp. cf. 
G. hullae Yeh and Cheng, Lysemela sp. cf. 
L. olbia Sugiyama, Livarella valida Yoshida 
and Livarella sp. sensu Carter (1993) (Giordano 
et al., 2010); a similar assemblage was found 
also in sample PR15 at meter 23.5, and sample 
PR13 at meter 27. The presence of Globo-
laxtorum sp. cf. G. hullae Yeh and Cheng in 
this assemblage is atypical, because the genus 
Globolaxtorum is usually referred only to the 
Proparvicingula moniliformis and Globolax-
torum tozeri zones (O’Dogherty et al., 2009).
(2) Sample PA25 at meter 41 yielded a radio-
larian assemblage referable to the Proparvicin-
gula moniliformis zone assemblage 1 (U.A. 2–5 
in Carter, 1993) for the presence of Fontinella 
primitiva Carter, Praemesosaturnalis sp. cf. 
P. sandspitensis Blome, Globolaxtorum sp. cf. 
G. hullae Yeh and Cheng, and Livarella den-
siporata Kozur and Mostler (Bazzucchi et al., 
2005; Giordano et al., 2010).
The Norian-Rhaetian boundary is conven-
tionally placed in stratigraphic levels where the 
FAD of Misikella post hern steini is documented 
(Krystyn, 2010), which is a phylogenetic descen-
dent of M. hernsteini (e.g., Mostler et al., 1978; 
Kozur and Mock, 1991; Giordano et al., 2010). 
The transition from drop-shaped to heart-shaped 
basal cavity along with a reduction of the num-
ber of blade denticles characterize the evolution 
of the M. hernsteini/post hern steini morphocline 
(Giordano et al., 2010). Specimens character-
ized by an evident furrow on the backside of the 
cusp and the associated inﬂection of the pos-
terior margin of the basal cavity are here con-
sidered Misikella post hern steini sensu stricto, 
as suggested by Giordano et al. (2010). At 
Pignola-Abriola, the presence of the Misikella 
hernsteini/post hern steini morphocline, as well 
as the presence of the FAD of M. post hern steini 
sensu stricto (m 45, sample PIG24) provide a 
reliable (and continuous) biostratigraphic sig-
nal. Furthermore, in the Pignola-Abriola section, 
the conodont Misikella post hern steini sensu 
stricto appears 4 m above the base of radiolarian 
Proparvicingula moniliformis zone assemblage 1 
(Fig. 2), which is commonly adopted to deﬁne 
the early Rhaetian (e.g., Carter, 1993; Bertinelli 
et al., 2005; Giordano et al., 2010).
GEOCHEMISTRY
In total, 41 samples, mostly black to brown 
shales, from the upper portion of the Pignola-
Abriola section (from meter 30 to the top of 
the section) were analyzed for δ13Corg (work-
sheet 1 in GSA Data Repository1). The rock 
samples were pulverized and acid-washed with 
10% HCl in a 70 °C water bath for 3 h, and 
the process was repeated at least three times to 
thoroughly remove pyrite and carbonates. The 
samples were subsequently neutralized with 
high-purity water, dried at 30 °C overnight, and 
then wrapped in tin capsules and analyzed for 
their isotopic composition. The analyses were 
carried out using a GVI Isoprime continuous 
ﬂow–isotope ratio mass spectrometer (CF-
IRMS) at Rutgers University, adding multiple 
blank capsules and isotope standards for each 
batch of isotopic analyses (NBS 22 = –30.03‰; 
Coplen et al., 2006) plus a matrix matched in-
house standard. Standard deviations for δ13Corg 
standards during the period of analysis were bet-
ter than σ = 0.2‰.
The δ13Corg values of the Pignola-Abriola sec-
tion are between –29.95‰ and –23.70‰ (Fig. 2). 
After a moderate increase in δ13Corg (from 
~–27.5‰ to –24‰ from meter 30 to 36), a large 
decrease to ~–30‰ was recorded for meter 36 
to meter 44.5, immediately followed by a rapid 
return to higher values (~–25‰, ~20 cm above). 
A subsequent decrease of ~2‰ is recorded at 
meter 53.5 (close to the level containing the FO 
of Misikella ultima; Fig. 2). Notably, the low 
δ13Corg of ~–30‰ at meter 44.5 is just below the 
level containing the FAD of Misikella post hern-
steini sensu stricto, and within the base of the 
Proparvicingula moniliformis zone (Fig. 2).
PALEOMAGNETISM
In total, 220 oriented core samples were col-
lected from the Pignola-Abriola section and 
analyzed at the Alpine Laboratory of Paleomag-
netism (Peveragno, Italy). Rock magnetic prop-
erties were studied on a representative set of 
samples by means of thermal decay of a three-
component isothermal remanent magnetization 
(IRM) imparted at ﬁelds of 2.5 T, 0.4 T, and 0.12 
T (Lowrie, 1990) and IRM acquisition curves.
The lower part of the section (samples 
P1.34, P3.10, P3.43; Fig. 3A) is characterized 
by a high-coercivity mineral with maximum 
unblocking temperatures (TB) of 650–675 °C, 
attributed to hematite, coexisting with a lower-
coercivity mineral with TB of 525–575 °C, inter-
preted as magnetite; an inﬂection at ~350 °C 
in the 0.4 T curve observed in sample P1.34 
suggests the presence of iron sulﬁdes. Samples 
from the upper part of the section (GNM497 at 
33 m; GNM48 at 43.5 m; GNM119 at 57 m) 
appear dominated by the high-coercivity 
hematite phase (Fig. 3A). IRM curves of these 
samples show no tendency to saturate even at 
applied ﬁelds of 2.5 T (Fig. 3B). The cumulative 
log-Gaussian (CLG) analysis (Kruiver et al., 
2001) reveals the presence in these samples of 
two magnetic phases with contrasting coercivi-
ties: a high-coercivity phase with coercivity of 
remanence (B1/2) = 1.6–2 T, which accounts 
Table 1 (on following page). Scanning electron microscope (SEM) micrographs of Upper 
Norian and Rhaetian radiolarians and conodonts from the Calcari con Selce Formation, 
Pignola-Abriola section. Radiolarians: samples PR13, PR14, and PR15 are referred to the 
Betraccium deweveri zone; sample PA25 is referred to the Proparvicingula moniliformis zone, 
assemblage 1. Scale bar = 100 μm for 1–2, 7, 9, 11–14; 112.5 μm for 3–5, 8; 150 μm for 6, 10 
(after Bazzucchi at al., 2005; Giordano et al., 2010, modiﬁed). 1–2—Betraccium deweveri 
Pessagno and Blome, sample PR14. 3—Praemesotaturnalis gracilis (Kozur and Mostler), 
sample PR14. 4—Tetraporobrachia sp. aff. T. composita Carter, sample PR14. 5—Ayrtonius 
elizabethae Sugiyama, sample PR15. 6—Citriduma sp. A, sensu Carter (1993), sample PR13. 
7—Globolaxtorum sp. cf. G. hullae (Yeh and Cheng), sample PR14. 8—Lysemela sp. cf. L. olbia 
Sugiyama, sample PR15. 9—Livarella valida Yoshida, sample PR15. 10—Livarella sp., sensu 
Carter (1993), sample PR14. 11—Fontinella primitiva Carter, section sample PA 25. 12—
Praemesosaturnalis sp. cf. P. sandspitensis (Blome), sample PA25. 13—Globolaxtorum hullae 
(Yeh and Cheng), sample PA25. 14—Livarella densiporata Kozur and Mostler, sample PA25. 
Conodonts: Scale bar = 75 μm (after Bazzucchi at al., 2005; Giordano et al., 2010, modiﬁed): 
15 (a, b, c)—Mockina zapfei (Kozur), sample PIG 0. 16 (a, b, c)—Mockina slovakensis (Kozur), 
sample PIG 0. 17 (a, b, c)—Misikella hernsteini (Mostler), sample PIG 16. 18 (a, b)—Misikella 
post hern steini Kozur and Mock, sample PIG 24. 19 (a, b)—Misikella kovacsi Orchard, sample 
PIG 40. 20 (a, b, c)—Misikella ultima Kozur and Mock, sample PIG 40.
1GSA Data Repository item 2015069, δ13Corg data, 
paleomagnetic data, Newark and Pignola-Abriola 
correlation statistics, and isothermal remanent 
magnetization statistics, is available at http:// www 
.geosociety .org /pubs /ft2015 .htm or by request to 
editing@ geosociety .org.
966 Geological Society of America Bulletin, v. 127, no. 7/8
TABLE 1. RADIOLARIANS AND CONODONTS FROM THE PIGNOLA-ABRIOLA SECTION
Magneto-biochemostratigraphy of the Pignola-Abriola section around the Norian-Rhaetian boundary
Geological Society of America Bulletin, v. 127, no. 7/8 967
for ~60%–85% of the IRM, and a subordinate 
low-coercivity phase with B1/2 = 0.1 T, which 
accounts for the reminder of the IRM (Fig. 1; 
GSA Data Repository [see footnote 1]). The 
presence of higher amounts of (detrital) hema-
tite in the upper part of the section may correlate 
with the increase in terrigenous input (shales 
and marls) observed in the upper part of the sec-
tion (Fig. 2).
The natural remanent magnetization (NRM) 
of samples, measured on a 2G Enterprises DC-
SQUID cryogenic magnetometer, is on aver-
age 0.08 mA/m. All samples were thermally 
demagnetized in steps of 50 °C or 25 °C up 
to a maximum of 675 °C, and the component 
structure of the NRM was plotted on vector 
end-point demagnetization diagrams (Fig. 4; 
Zijderveld, 1967). After removal of spurious 
magnetizations between room temperature 
and ~100–300 °C, a characteristic remanent 
magnetization (ChRM) was isolated up to 
450–550 °C (maximum of 625 °C) in ~55% of 
the samples (N = 121; worksheet 3, GSA Data 
Repository [see footnote 1]) and found to be 
broadly oriented either N and down or S and 
up in tilt-corrected coordinates (Fig. 5). These 
ChRM component directions are distributed 
in tilt-corrected coordinates around an overall 
mean of Dec = 15.9°E, Inc = 32.5° (k = 8.4, 
α95 = 4.7°, N = 121; Table 2). No fold test could 
be performed because of the homoclinal bed-
ding tilt of the section, whereas the reversal test 
(McFadden and McElhinny, 1990) was positive 
(for detailed statistics, see worksheet 3, GSA 
Data Repository [see footnote 1]). Based on 
these results and the consistent magnetostrati-
graphic correlations with sections from the 
literature, as discussed later herein, we regard 
the ChRM component as primary in origin. 
We checked the ChRM component directions 
for sedimentary inclination shallowing due to 
sedimentary and/or compaction processes. The 
elongation/inclination (E/I) statistical method 
of Tauxe and Kent (2004) was applied to the 
ChRM directions, obtaining a ﬂattening factor 
of f = 0.6 and a corrected mean inclination of 
47.7° (min = 39.0°, max = 53.7°), correspond-
ing to a paleolatitude for Pignola-Abriola of 
~28.8°N (Table 2). A paleomagnetic pole was 
calculated for Pignola-Abriola using the tilt-
corrected mean ChRM direction corrected for 
inclination shallowing (lat. = 72.5°N, long. = 
143.0°E; Table 2) and compared to the 201 Ma 
Adria-Africa paleopole of Muttoni et al. (2013) 
located at lat. = 69.3°N, long. = 243.8°E. 
The Pignola-Abriola paleopole is displaced 
by ~32.8° clockwise relative to the reference 
Adria-Africa paleopole, probably as a result of 
vertical-axis tectonic rotation of the sampling 
area during Apennine tectonics.
A virtual geomagnetic pole (VGP) was cal-
culated for each ChRM component direction 
in tilt-corrected coordinates. The latitude of the 
sample VGP relative to the north pole of the 
paleomagnetic axis was used for interpreting the 
magnetic polarity stratigraphy, where VGP lati-
tudes approaching +90° or –90° are attributed 
to normal or reverse polarity, respectively. An 
overall sequence of ﬁve polarity magnetozones, 
labeled from magnetozone MPA1 to MPA5, 
was established starting at the base of the sec-
tion (Fig. 2). Each magnetozone was subdivided 
into a lower, predominantly normal and an 
upper, predominantly reverse portion, in which 
submagnetozones can be embedded. No obvi-
ous relation was observed between magnetic 
polarity stratigraphy and the magnetic min-
eralogy of the samples. The FAD of Misikella 
post hern steini sensu stricto falls within mag-
netozone MPA5r at ~45 m, while the new pro-
posed Norian-Rhaetian boundary coincident 
with the δ13Corg negative spike occurs inside the 
same magnetozone at ~44.5 m (Fig. 2).
DISCUSSION
Correlations with Tethyan Sections 
from the Literature
The magnetostratigraphy of the Pignola-
Abriola section is comparable with that of the 
Steinbergkogel section (Hüsing et al., 2011), 
which at present is the only global boundary 
stratotype section and point (GSSP) candidate 










































































































































































































Figure 3. Thermal demagnetization of a three-component isothermal remanent magnetiza-
tion (IRM) (A) and IRM acquisition curves (B) for representative samples from Pignola-
Abriola showing the presence of a variable mixture of hematite and magnetite. See text for 
discussion.
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for the base of the Rhaetian Stage (Krystyn 
et al., 2007a, 2007b), assuming that the occur-
rence of conodont Misikella post hern steini at 
Steinbergkogel (plate 1 in Krystyn et al., 2007a) 
is equivalent to the FO of Misikella hernsteini/
post hern steini transitional forms at Pignola-
Abriola (sensu Giordano et al., 2010). Hence, 
the main reversal portion of the Stein berg-
kogel magnetostratigraphy from magneto zone 
ST1/B– to magnetozone ST1/H– at Stein berg-
kogel STKA section (equivalent to ST2/B– to 
ST2/H– at Steinbergkogel STKB+C section), 
has been correlated to magnetozones MPA3r to 
MPA5r of the Pignola-Abriola section (Fig. 6). 
Also, part of the magnetostratigraphy of the 
Oyuklu section (Gallet et al., 2007), from mag-
netozone OyB– to OyD–, is comparable with 
MPA4r to MPA5r of the Pignola-Abriola sec-
tion, and with ST/D– to ST/H– of the Stein-
bergkogel section (Fig. 6). Furthermore, the 
lower portion of the Pignola-Abriola section 
is magnetostratigraphically correlated with 
the upper part of the Pizzo Mondello section 
(Muttoni et al., 2004). Using the updated bio-
stratigraphic calibration of the Pizzo Mondello 
magnetostratigraphy (Mazza et al., 2012), 
GNM 20 GNM 33























































IN SITU  Tick = .01 mA/m
Figure 4. Vector end-point demagnetization diagrams for representative samples from Pignola-Abriola. Closed 
circles are projections onto the horizontal plane, and open circles are projections onto the vertical plane for in situ 
(geographic) coordinates. Temperatures are expressed in °C. NRM—natural remanent magnetization.
TILT CORRECTEDGEOGRAPHIC
CHARACTERISTIC COMPONENT (ChRM)
Figure 5. Equal-area projections for characteristic remanent magnetization (ChRM) com-
ponent directions isolated at Pignola-Abriola for in situ (geographic) and tilt-corrected 
coordinates (see Table 2 for Fisher statistics parameters). For the ChRM component direc-
tions, see also worksheet 3, GSA Data Repository (see text footnote 1).
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magnetozones MPA1n to MPA3n at Pignola-
Abriola have been correlated to magneto-
zones PM-8n to PM-12n at Pizzo Mondello 
(Fig. 6). Moreover, data from Pignola-Abriola 
have been compared with the magnetobio-
stratigraphy of the Brumano and Italcementi 
Quarry sections (Lombardian Basin, southern 
Alps, Italy), which encompasses a portion of 
the Rhaetian (with specimens attributed to 
Misikella) up to the Triassic-Jurassic bound-
ary as deﬁned by pollens (Muttoni et al., 2010, 
2014). Awaiting for a formal redeﬁnition of the 
Misikella specimens in the Brumano section 
following the new deﬁnition of Misikella post-
hern steini sensu stricto adopted in this study 
(after Giordano et al., 2010), we stress that all 
Misikella specimens at Brumano occur below 
the recovered magnetostratigraphy (Muttoni 
et al., 2010, 2014), and thus the sequence of 
Brumano-Italcementi Quarry magnetozones 
from BIT1n to BIT5n is regarded as largely 
younger than the Pignola-Abriola magneto-
stratigraphy (Fig. 6).
Correlation with the Newark APTS
The correlation between the Pignola-Abriola 
section and the Newark APTS was performed 
using the statistical approach proposed in 
Muttoni et al. (2004). Assuming that thickness 
is a linear proxy of time, the duration of Newark 
magnetozones was compared with the thickness 
of Pignola-Abriola magnetozones (Fig. 7). The 
Pignola-Abriola polarity reversal sequence in 
linear depth coordinates was placed alongside 
the top of the Newark APTS (at magnetozone 
E23r) in linear age coordinates. A linear cor-
relation coefﬁcient (R) relating the thickness of 
each of the N = 22 complete Pignola-Abriola 
magnetozones to the duration of the correla-
tive Newark magnetozones was calculated, 
from which a t value was derived, where t = 
R*sqrt([N – 2]/[1 – R2]), R is the linear correla-
tion coefﬁcient, and N is the number of match-
ing magnetozones in the moving window, i.e., 
22. The Pignola-Abriola sequence was then slid
by two polarity zones along the Newark APTS 
(in order to maintain internal polarity consis-
tency in correlation), R and t were recalculated, 
and the exercise was repeated until all 19 pos-
sibilities were explored (Fig. 7; statistical pro-
cedure with correlation options and analysis of 
t-values is reported in worksheet 2 of GSA Data 
Repository [see footnote 1]).
For N = 22 (the number of matching rever-
sals in moving window), each correlation has 20 
degrees of freedom. A Student t-test shows that 
only correlation coefﬁcients with a t value larger 
than 1.725 are signiﬁcant at the 95% level. 
According to the Student t-test, only correlation 
option 19 is reliable at more than 95% conﬁ-
dence level (Fig. 7), though it can be excluded 
on stratigraphic grounds. Precisely, option 19 
places the Norian-Rhaetian boundary of the 
Pignola-Abriola section in the Carnian-Norian 
portion of the Newark sequence, as deduced 
from correlations of the Pizzo Mondello and 
Silická Brezová sections to the Newark APTS 
(Muttoni et al., 2004; Channell et al., 2003). For 
this reason, we decided to contemplate correla-
tion options characterized by lower values of t 
(around 1). As a consequence, options 16 and 7 
were considered as acceptable (Fig. 7). Option 
16 is affected by the same problem as option 19 
insofar as it places the Norian-Rhaetian bound-
ary within the Norian Stage as implied by the 
Pizzo Mondello and Silická Brezová to New-
ark correlations discussed earlier. In addition, 
option 16 also implies sudden (and unexplained) 
variations in sediment accumulation rates of the 
Pignola-Abriola section.
Correlation option 7 results are more coher-
ent with the available magneto-biostratigraphic 
correlations of Tethyan sections to the Newark 
APTS and will be investigated in detail. Option 
7 links Pignola-Abriola magnetozone MPA1n 
with Newark E13n.1n at the base, and mag-
neto zone MPA11r with E20r at the top (Fig. 7). 
However, this correlation implies sudden varia-
tions in sediment accumulation rates in the mid-
dle of the Pignola-Abriola section. Moreover, 
the lower part of Pignola-Abriola is considered 
Sevatian (late Norian) in age, but according to 
correlation 7, it should correspond to Newark 
TABLE 2. PALEOMAGNETIC DIRECTIONS AND POLE FROM THE PIGNOLA-ABRIOLA SECTION
Mean directions from the Pignola-Abriola section
In situ Tilt-corrected
Comp. N k α95 Dec. Inc. k α95 Dec. Inc. Inc. corr.
Inc. corr. fMax. Min.
ChRM 121 8.2 4.8° 30°E 71.5° 8.4 4.7° 15.9°E 32.5° 47.7° 53.7° 39.0° 0.6
Paleomagnetic pole, paleolatitude, and rotation from tilt-corrected ﬁ ltered ‘Ch’ directions, corrected for inclination ﬂ attening:
Lat. (°N) Long. (°E) A95 Paleolatitude (°N) Paleolatitude (°N) Rotation
.niM.xaM
WC°8.230.222.438.82°0.40.3415.27
Note: Comp.—paleomagnetic component; N—number of samples; k, α95—standard Fisher precision parameters; Dec.—mean declination; Inc.—mean inclination; Inc. 
corr.—mean inclination corrected for inclination ﬂ attening; f—ﬂ attening factor; Lat.—Latitude; Long.—Longitude; A95—95% circular conﬁ dence about the pole; Rotation—
tectonic rotation of the site (relative to the 201 Ma Adria-Africa reference paleopole of Muttoni et al., 2013), where CW—clockwise.
Figure 6 (on following page). The Norian-Rhaetian magnetostratigraphy, biostratigraphy, 
and chemostratigraphy of the Pignola-Abriola section correlated to data from marine sec-
tions from the literature, such as Steinbergkogel (Hüsing et al., 2011), which is the current 
global stratotype section and point (GSSP) candidate for the Rhaetian Stage (Krystyn et al., 
2007a, 2007b), Oyuklu (Gallet et al., 2007), Brumano-Italcementi Quarry (Muttoni et al., 
2010, 2014), and Pizzo Mondello (Muttoni et al., 2004). In this work, specimens originally 
attributed to Misikella post hern steini at Steinbergkogel (Krystyn et al., 2007a, 2007b) are 
here considered M. post hern steini sensu lato (s.l.) and attributed to the M. hernsteini/post-
hern steini “transitional forms” (sensu Giordano et al., 2010). Key biostratigraphic events 
at Pizzo Mondello are after Mazza et al. (2012). The Pignola-Abriola section is correlated 
to the Newark astrochronological polarity time scale (APTS; left column) using preferred 
correlation option 7.1. The lower-right panel shows the derived age model of sedimentation 
for Pignola-Abriola with an increase in sedimentation rate in the upper part of the section 
where the terrigenous input is higher. The Norian-Rhaetian boundary, placed at a level co-
incident with a rapid decrease in į13Corg to ~–30‰, which virtually coincides with the level 
containing the ﬁrst appearance datum (FAD) of conodont Misikella post hern steini sensu 
stricto within the Proparvicingula moniliformis radiolarian zone, is traced within Newark 
magnetozone E20r at 205.7 Ma.
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magnetozones considered close to the Carnian-
Norian boundary (Fig. 7; see also Muttoni 
et al., 2004).
In conclusion, no statistical correlation 
matches perfectly, and some “adjustments” are 
necessary. An alternative version of statistical 
correlation option 7, termed option 7.1 (black 
bar in Fig. 7), solves the problems outlined 
for option 7, increases statistical signiﬁcance, 
and is coherent with the Pizzo Mondello and 
Pignola-Abriola magneto-biostratigraphies and 
correlations to the Newark APTS. Preferred 
option 7.1 is similar to statistical option 7 in 
range (MPA1n corresponding to E13n.1n, and 
MPA11r corresponding to E20r.2r) but differs 
from statistical option 7 in linking MPA1n 
with E13n.2n, MPA1r (0.1r, 0.1n, 0.2r) with 
E13r, MPA2n (0.1n, 0.1r, 0.2n) with E14n, and 
MPA11r with E20r, whereas magnetozones 
from MPA2r to MPA11n have been corre-
lated with Newark magnetozones from E14r to 
E20n. Preferred correlation option 7.1 implies 
a correlation of the Steinbergkogel section to 
the Newark APTS from magnetozone E17n to 
E21n (Fig. 6) that is substantially equivalent to 
the correlation originally proposed by Hüsing 
et al. (2011). The correlation of the largely 
younger Brumano-Italcementi Quarry sections 
to the Newark APTS is the same of Muttoni 
et al. (2010, 2014), pending a formal redeﬁ-
nition of the Misikella specimens at Brumano 
(see also earlier discussion).
Using preferred correlation option 7.1, an 
age model for the Pignola-Abriola section can 
be derived. The age model shows a change in 
sedimentation rate from the lower to the upper 
part of the section (Fig. 6). From the base to 
meter 24.5, the mean sedimentation rate is of 
~2.6 m/m.y., while from meter 24.5 to 40, the 
mean sedimentation rate increases to ~5.6 m/m.y. 
From meter 40 to the section top, the sedimenta-
tion rate increases further to ~9.8 m/m.y. This is 
coherent with the lithostratigraphy of the section, 
suggesting a general increase of terrigenous input 
in the upper part of the section. According to the 
proposed age model, the Norian-Rhaetian bound-
ary deﬁned by the level containing the FAD of 
M. post hern steini sensu stricto at meter 45 should 
correspond to an estimated age of ca. 205.7 Ma 
(Fig. 6), which is substantially equivalent to the 
age of the prominent negative δ13Corg excursion to 
~–30‰ observed at meter 44.5 (Fig. 6).
GSSP Proposal for the Base of 
the Rhaetian Stage
Based on our magneto-bio-chemostrati-
graphic study of the Pignola-Abriola section, 
coupled with the recognition of the taxonomic 
complexities concerning conodont Misikella 





















































































Figure 7. Pignola-Abriola geomagnetic re-
versal sequence in linear depth coordinates 
was slid aside the Newark astrochronologi-
cal polarity time scale (APTS) in linear age 
coordinates maintaining the internal polar-
ity coherency, and a t value was calculated 
for each of the 19 possible correlation op-
tions. Positive (negative) t-values refer to 
positive (negative) slopes of the linear func-
tion relating Pignola-Abriola magnetozone 
thickness to Newark magnetozone duration. 
Statistically signiﬁcant options 16 and 19 
were rejected for incoherence with the avail-
able stratigraphic data, whereas a modiﬁed 
version of correlation option 7, termed op-
tion 7.1, is considered the best solution that 
is in agreement with (or does not violate) 
the available stratigraphic data. See text for 
discussion.
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the deﬁnition of the base of the Rhaetian Stage, 
we suggest an alternative option for the deﬁni-
tion of the Norian-Rhaetian boundary. We favor 
placing the boundary at the prominent negative 
δ13Corg spike observed in the Pignola-Abriola 
section at meter 44.5 (immediately below the 
level containing the FAD of M. post hern steini 
sensu stricto and within the base of the radio-
larian Proparvicingula moniliformis zone). A 
similar δ13Corg perturbation around the Norian-
Rhaetian boundary was documented in Canada 
by Ward et al. (2001, 2004) and Whiteside and 
Ward (2011), coinciding with the disappear-
ance of large Monotis (Ward et al., 2004), a 
typical proxy for the Norian-Rhaetian bound-
ary (McRoberts et al., 2008). The stratigraphic 
level in the Pignola-Abriola section containing 
the ~–30‰ spike has been magnetostratigraphi-
cally correlated to Newark magnetozone E20r.2r 
at ca. 205.7 Ma. This age was obtained from the 
Newark astrochronology, calibrated with the 
new numerical age of 201.5 Ma from the base 
of the Orange Mountain Basalts in the Newark 
Supergroup (Blackburn et al., 2013). Assuming 
an age of ca. 201.3 Ma for the Triassic-Jurassic 
boundary (Guex et al., 2012), which is broadly 
consistent with previous estimates (Schoene 
et al., 2010), and a proposed age of ca. 205.7 Ma 
for the Norian-Rhaetian boundary, the Rhaetian 
Stage would have a duration of ~4.4 m.y. (Fig. 6). 
Using a Carnian-Norian boundary at ca. 227 Ma 
(Muttoni et al., 2004), the Norian would be the 
longest stage of the Phanerozoic with a dura-
tion of ~21.3 m.y. (but see Lucas et al., 2012). 
Using an approximated Ladinian-Carnian age 
of 238 Ma, derived from an uppermost Ladin-
ian radiometric age of 237.77 ± 0.14 Ma (Mietto 
et al., 2012), the Carnian would have lasted 
almost 10 m.y. According to these ﬁgures, the 
Late Triassic may have lasted ~36 m.y.
Comparison with Previous Time Scales
We compared our solution with alternative 
proposals from the literature. Krystyn et al. 
(2002) used Carnian-Norian data from sev-
eral Tethyan sections (Kavaalani, Kavur Tepe, 
Pizzo Mondello lower part, Bolücektasi Tepe, 
and Scheiblkogel; see references in Krystyn 
et al., 2002) to construct a Tethyan composite 
magneto-biostratigraphic sequence that was 
correlated to Newark magnetozones E3–E22 
and used it to infer a duration of the Rhaetian 
of only ~2 m.y. Later, Gallet et al. (2007) corre-
lated data from Oyuklu, Pizzo Mondello (upper 
part), and the Tethyan composite sequence of 
Gallet et al. (2003) to the Newark APTS, sug-
gesting that part of the Rhaetian is missing in the 
Newark sequence, and supporting the ~2 m.y. 
duration of the Rhaetian as proposed by Krystyn 
et al. (2002). Muttoni et al. (2010) illustrated 
that middle Norian (Alaunian) magnetozones 
in the composite magneto-biostratigraphic 
sequence of Krystyn et al. (2002) may encom-
pass Newark magnetozones ~E13–E15 rather 
than ~E13–E17, so that the overlying Sevatian 
magnetozones may correlate to Newark levels 
at and immediately above E15 rather than at 
and above E17 as proposed by Krystyn et al. 
(2002), thus supporting the existence of a longer 
(>2 m.y.) Rhaetian.
Coming to more recent times, the long-
Tuvalian option of the Geological Time Scale 
2012 (Ogg, 2012), which is essentially based 
on data from Lucas et al. (2012), is character-
ized by a Carnian-Norian boundary placed at 
221 Ma, a Norian-Rhaetian boundary at 205.4 
Ma, and a large hiatus in the Newark Supergroup 
based on inferences from conchostracan bio-
stratigraphy (Lucas et al., 2012, and references 
therein). According to this option, the preserved 
portion of the Rhaetian in the Newark Super-
group should have a duration of only ~0.2 m.y. 
(Lucas et al., 2012). A duration of ~8 m.y. for 
the Rhaetian, as proposed using marine-Newark 
magnetostratigraphic correlations by several 
authors (Channell et al., 2003; Muttoni et al., 
2004, 2010; Hüsing et al., 2011), was rejected 
by Lucas et al. (2012) based on the inference 
that inserting 7.8 m.y. of missing Rhaetian in the 
claimed Rhaetian gap of the Newark Supergroup 
(7.8 m.y. = 8 m.y. of total duration of Rhaetian 
– 0.2 m.y. of preserved Rhaetian in the Newark)
would produce an age for the base of the Newark 
Supergroup of 240.5 Ma; as Lucas et al. (2012) 
considered the base of the Newark Supergroup to 
coincide with the base of the Carnian (based on 
continental [palynomorphs, conchostracans, tet-
rapods] biostratigraphy), an age of 240.5 Ma is 
regarded as inappropriate because it would place 
the base of the Newark Supergroup close to the 
age of the Anisian-Ladinian boundary (Mundil 
et al., 2010). Therefore, a duration of ~8 m.y. for 
the Rhaetian is considered unacceptable accord-
ing to Lucas et al. (2012), who instead adopted a 
duration of ~4 m.y. from Ogg (2004). Under the 
assumption of a 4 m.y. duration for the Rhaetian 
and only 0.2 m.y. of Rhaetian time preserved 
in the Newark Supergroup, Lucas et al. (2012) 
(and Ogg [2012] in his long-Tuvalian option) 
estimated an age of 221.5 Ma for the Carnian-
Norian boundary, based on continental biostra-
tigraphy, by counting ~405 k.y. McLaughlin 
cycles of Newark astrochronology.
In our opinion, the Rhaetian gap of Lucas 
et al. (2012) at the basis of the long-Tuvalian 
option (Ogg, 2012) is ﬂawed by lack of convinc-
ing correlations between terrestrial groups and 
marine-based stage boundaries. For example, 
conchostracans from the Weser Formation of 
the Germanic Basin are assigned an early Tuval-
ian age (late Carnian) because the Weser Forma-
tion is considered correlative with the Dolomie 
de Beaumont of France, which contains marine 
bivalves considered to be of such age (Lucas 
et al., 2012). As a further example, the con-
chostracan fauna from the Coburg Sandstein of 
the Germanic Basin is considered late Carnian, 
seemingly because it lies immediately below the 
beginning of a sporomorph association consid-
ered to be late Tuvalian. In general, we ﬁnd dif-
ﬁcult to decipher in Lucas et al. (2012) where 
and in which stratigraphic context a given con-
tinental association was found in direct associa-
tion with stage-deﬁning marine fossils.
The long-Rhaetian option of the Geologi-
cal Time Scale 2012 (Ogg, 2012) is essentially 
based on magnetostratigraphic correlations 
between marine sections bearing stage-deﬁning 
fossils and the Newark APTS assumed to be 
continuous in the Rhaetian (Channell et al., 
2003; Muttoni et al., 2004, 2010; Hüsing et al., 
2011), and it shows a Carnian-Norian boundary 
at ca. 228.4 Ma and a Norian-Rhaetian bound-
ary at ca. 209.5 Ma. Our new time scale for the 
Late Triassic could be considered an “update” of 
the long-Rhaetian option of (Ogg, 2012), with 
a Norian-Rhaetian boundary at 205.7 Ma based 
on data from this study and a Carnian-Norian 
boundary at ca. 227 Ma based on correlation 
of the Pizzo Mondello section with the Newark 
APTS (both numerical estimates obtained by 
rescaling the Newark APTS using an age of ca. 
201.5 Ma for the base of the Orange Mountain 
Basalts in the Newark Supergroup; Blackburn 
et al., 2013). Moreover, our age of 205.7 Ma for 
the Norian-Rhaetian boundary is coherent with 
recent U/Pb ages of Wotzlaw et al. (2014) that 
constrain the Rhaetian base between 205.70 ± 
0.15 Ma and 205.3 ± 0.14 Ma.
CONCLUSIONS
Paleomagnetic data obtained from the 
Pignola-Abriola section provided a sequence 
of 22 polarity reversals grouped in 10 magneto-
zones. The correlation between the Pignola-
Abriola section and additional Norian and Rhae-
tian Tethyan marine sections from the literature 
(Steinbergkogel, Oyuklu, Brumano, Italcementi 
Quarry, and Pizzo Mondello) reveals signiﬁcant 
internal consistency.
To provide numerical age constraints on the 
Pignola-Abriola section, we applied a statisti-
cal correlation to the Newark APTS, which is 
assumed to be continuous in its younger part 
(contra Lucas et al., 2012). Three out of a total 
of 19 explored correlation options produced sta-
tistically reliable results, and after a thorough 
analysis, one option (7.1) is considered as the 
Magneto-biochemostratigraphy of the Pignola-Abriola section around the Norian-Rhaetian boundary
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most reliable. According to this option, the 
Pignola-Abriola section correlates to Newark 
magnetozones E13n to E20r. We place the 
Norian-Rhaetian boundary at Pignola-Abriola 
at a level coincident with a rapid decrease in 
δ13Corg to ~–30‰, which virtually coincides 
with the level containing the FAD of conodont 
Misikella post hern steini sensu stricto within the 
Proparvicingula moniliformis radiolarian zone. 
This level is traced within Newark magnetozone 
E20r at 205.7 Ma.
Assuming an age of ca. 201.3 Ma for the Tri-
assic-Jurassic boundary (Schoene et al., 2010; 
Guex et al., 2012), our study shows that the 
Rhaetian is ~4.4 m.y. long. Assuming a Carnian-
Norian boundary age of ca. 227 Ma (Muttoni 
et al., 2004, 2014, and references therein), our 
study shows that the Norian is ~21.3 m.y. long.
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To contribute to the calibration of the Late Triassic time scale, two sections in Italy were 25
investigated for magnetostratigraphy: the Pignola-2 (Southern Apennines) and the Dibona 26
sections (Dolomites). These sections reveal a sequence of biostratigraphically (conodonts 27
and palynomorphs) calibrated magnetic polarity reversals encompassing the 28
Julian/Tuvalian boundary (Carnian). A total of 63 samples have been collected from the 29
Pignola-2 section that helped defining 12 magnetozones. From the Dibona section, 81 30
samples have been collected, revealing 9 magnetozones. These data are furthermore31
constrained by a published radiometric U/Pb age of 230.91±0.33 Ma from the Aglianico32
ash-bed in the Pignola-2 section. Correlations of the Pignola-2 and the Dibona stratigraphic 33
successions with other Carnian sections from the literature were used to further define the 34
magnetostratigraphy around the Julian/Tuvalian boundary in the Tethys realm. A statistical35
correlation between the Pignola-2 and the Newark Astrochronological Polarity Time Scale 36
(APTS) provides new constraints on the chronology of the Carnian, also suggesting a37
duration for the Carnian Pluvial Event (CPE) of ~1 Myr, between ~229.7 and 230.7 Ma.38
39
1. Introduction40
Substantial progress has been made in the recent years on the chronology of the Late 41
Triassic, particularly on the duration of the Carnian, Norian and Rhaetian stages, by means 42
of magnetostratigraphic correlations of marine fossil-bearing Tethyan sections and the 43
Newark Astrochronological Polarity Time Scale (APTS) (e.g. Kent and Olsen 1999, Olsen 44
et al. 2015). A first step forward came from the correlation between the Pizzo Mondello 45
section (Southern Italy) and the Newark APTS, which helped assigning a numerical age of 46
~227 Ma to the level hosting the Carnian/Norian boundary based on conodonts (first 47
appearance datum of Carnepigondolella gulloae; Mazza et al., 2012a) close to a positive 48
G13C excursion of ~1‰ (Muttoni et al. 2004, Mazza et al. 2010). Recently, a similar 49
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correlation exercise applied to the Pignola-Abriola section of Southern Italy assigned an 50
age of 205.7 Ma to the level containing the Norian/Rhaetian boundary based on conodonts51
(first appearance of Misikella posthernsteini), which was found to fall close to a negative 52
G13Corg spike of ~-30 ‰ (Maron et al. 2015, Rigo et al. 2015). This latter numerical age 53
estimate for the N/R boundary, derived from correlation with the Newark APTS, is 54
compatible with radiometric (U/Pb) age estimates of 205.3±0.14 Ma, 205.4±0.09 Ma, and 55
205.7±0.15 Ma obtained from a level in the Levanto section of Peru close to the N/R 56
boundary approximated by the last occurrence of the bivalve Monotis subcircularis57
(Wotzlaw et al. 2014).  58
In this paper, we focus on the Carnian interval by providing new magnetostratigraphic and 59
biostratigraphic data from the Pignola-2 section of the Southern Apennines and the Dibona 60
section of the Dolomites (both in Italy), which have been correlated to the Newark APTS 61
in order to provide an independent control on the astrochronological ages of the older 62
(Carnian) part of the Newark APTS (Kent and Olsen 1999, Olsen and Kent 1999).  63
Furthermore, we provide a numerical age estimation of a major event occurring in the 64
Carnian, known as the Carnian Pluvial Event (CPE; Simms and Ruffell 1989). The CPE is 65
represented by a widespread deposition of siliciclastic materials recognized in most of the 66
Carnian sections around the world (e.g., Ruffell et al. 2015). The CPE is attributed to a 67
climatic shift to more humid conditions (Simms and Ruffell 1989), triggered by the 68
emplacement of the Large Igneous Province (LIP) of Wrangellia in North America (e.g., 69
Furin et al. 2006, Rigo et al. 2007, Preto et al. 2010, Dal Corso et al. 2012, Xu et al. 2014) 70
and consequent emission of greenhouse gasses in the atmosphere. The CPE is well71
expressed by the most siliciclastic intervals in both the Pignola-2 and Dibona sections. 72
73




The Pignola-2 section (Lat: 40°32'51.44"N, Long: 15°47'17.43"E) crops out in the 77
Southern Apennines, south of the town of Potenza, along the road connecting the two 78
Pignola and Abriola villages (Fig. 1). The section is comprised of a 40 m-thick succession 79
of cherty limestones pertaining to the Calcari con Selce Formation Fm. (Scandone 1967,80
Miconnet 1983, Amodeo 1999, Rigo et al. 2012), encompassing the Julian/Tuvalian 81
substage boundary (Carnian; Rigo et al. 2007, 2012). The section includes a ~5 m-thick 82
(from meter 8 to 13) green shale and radiolaritic interval (the “green clay-radiolaritic 83
horizon” of Rigo et al. 2007), representing the first documentation of the CPE in Tethyan 84
basinal successions (Rigo et al. 2007, 2012a). In the upper part of the “green clay-85
radiolaritic horizon” (hereafter “green horizon”), a tuff level, named “Aglianico ash-bed”86
(meter 12) provided a U/Pb radiometric age of 230.91±0.33 Ma (Furin et al. 2006) (Fig. 2).87
The “green horizon” has been interpreted as resulting from a transient rise of pCO2 levels 88
that triggered the shoaling of the calcite compensation depth (CCD). This inferred CCD 89
shoaling is possibly coupled with increased detrital and nutrient input in the basin as a 90
consequence of the CPE, a warm and humid period that fostered silicate weathering and 91
runoff on land (Rigo et al. 2007, 2012b, Rigo and Joachimski 2010, Trotter et al. 2015). A92
distinct rise of pCO2 in the coupled ocean-atmosphere system may have been provided by 93
the emplacement of the Wrangellia LIP (e.g., Furin et al. 2006, Rigo et al. 2007, Preto et 94
al. 2010, Dal Corso et al. 2012, Xu et al. 2014), radiometrically dated with Ar/Ar between 95
~233 and ~222 Ma, with the most likely age comprised between ~230 and ~225 Ma96
(Greene et al. 2010). The oldest radiometric (207Pb/206Pb) age available for Wrangellia 97
comes from gabbros in Yukon, associated to the Wrangellian effusions and dated at 232.2 98
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±1 Ma (Mortensen and Hulbert 1992; see also Greene et al. 2010). This age interval 99
includes the age of the CPE at Pignola-2 from the “Aglianico ash-bed” (Furin et al. 2006).100
101
2.2 Dibona102
The Dibona section (Lat: 46°32'2.50"N, Long: 12°04'21.68"E) is a ~370 m thick shallow-103
water sedimentary succession located in the Dolomites (Southern Alps), on the southern 104
side of the Tofana di Rozes Mountain, near the Dibona Hut (Fig. 1). The section is 105
characterized by mixed carbonate-siliciclastic deposits of shallow-marine 106
(Heiligkreuz/Santa Croce Formation) to marginal-marine (Travenanzes Formation) 107
environments (e.g. Breda et al. 2009). The ~160 m Heiligkreuz Fm. (De Zanche et al. 1993,108
Preto and Hinnov 2003, Neri et al. 2007, Gattolin et al. 2013, 2015) is subdivided into three 109
members, which from the base to the top are subsequently the Borca Mb., ~100 m-thick, 110
consisting of limestones and arenites passing to dolostones; the Dibona Sandstones Mb., 111
~60 m-thick, consisting of arenites, conglomerates, pelites and limestones; the Lagazuoi 112
Mb., ~30 m-thick, consisting mainly of strongly dolomitized oolitic limestones (Fig. 3).113
The shales and arenites of the Borca and Dibona Sandstones Mbs record the CPE in a114
coastal environment (Breda et al. 2009, Preto et al. 2010). A PDMRUQHJDWLYHį13C spike 115
linked to the eruption of Wrangellia flood basalts has been observed at the base of the 116
Heiligkreuz Fm., close to Dibona section, confirming the connection of the clastic input to 117
the CPE climatic event (Dal Corso et al. 2012). Above the Lagazuoi Mb., the ~180 m118
Travenanzes Fm. (De Zanche et al. 1993, Neri et al. 2007, Breda and Preto 2011) starts 119
with ~25 m of dark clays and aphanitic dolostones passing upwards to multicolored clays 120
with carbonatic and evaporitic intercalations deposited in sabkha-like environments. The 121
top of the Travenanzes Fm. is dominated by dolomitic peritidal cycles of carbonate tidal-122
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flat and shallow lagoon environments, with thin dark clay intercalations. It represents the 123
transition to the overlying Dolomia Principale carbonate platform (Breda and Preto 2011).124
125
3. Biostratigraphy126
The Pignola-2 section has a detailed conodont and palynomorph biostratigraphy (Rigo et 127
al. 2007, 2012). According to the conodont biostratigraphy, the Julian/Tuvalian 128
(middle/late Carnian) boundary is placed at the base of the “green horizon”. In fact, below 129
the “green horizon” a typical Julian conodont association composed of Paragondolella 130
praelindae, P. polygnathiformis, and Gladigondolella spp is present. Above the “green 131
horizon”, the section bears Tuvalian conodont species, i.e. Carnepigondolella nodosa, C. 132
carpathica, Paragondolella noah, P. oertlii, and Metapolygnathus praecommunisti (Fig. 133
2) (Rigo et al. 2012). Specifically, the Julian/Tuvalian boundary is placed at the level with134
the last occurrence (LO) of the Gladigondolella genus (Rigo et al. 2007). Palynomorphs 135
from Pignola-2 have been grouped in two main assemblages (Rigo et al. 2007): Assemblage 136
A is typical of the Julian/Tuvalian interval, while Assemblage B covers a narrower range 137
in the upper Tuvalian (see Rigo et al. 2007 for additional details) (Fig. 2).138
The Dibona section has a detailed pollen and spore biostratigraphy (Roghi 2004, Roghi et 139
al. 2010). The typical uppermost Julian-lower Tuvalian association with Patinasporites 140
densus, Aulisporites astigmosus and Duplicisporites continuus (Borca Mb, Dibona 141
Sandstone Mb) and Equisetosporites chinleanus (Dibona Sandstones Mb) is found in the 142
Heilgkreuz Fm. It is followed by a Tuvalian association of Granuloperculatipollis rudis143
and Riccisporites cf. R. tuberculatus, found at the base of the overlying Travenanzes Fm 144
(Fig. 3). The former association, belonging to the Granuloperculatipollis rudis Assemblage 145
of Roghi et al. (2006, 2010), is similar to Assemblage B found in the Pignola-2 section. 146
Moreover, additional sections coeval to the Dibona section reveal pollens and spores 147
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comparable with the biostratigraphic record of Pignola-2, e.g. the Cave del Predil section 148
in the Southern Alps of Friuli (Roghi 2004), and the Lunz (Köppen 1997) and Rubland 149
(Kraus 1969) sections in the Northern Calcareous Alps of Austria. Six samples for 150
conodont analysis have been collected from the Dibona section immediately below the base 151
of the Lagazuoi Mb, in the last 10 meters of the Dibona Sandstones Mb. The conodont 152
association consists of Paragondolella polygnathiformis, Paragondolella noah,153
transitional forms from P. noah to Metapolygnathus praecommunisti, and early 154
representatives of M. praecommunisti (Fig. 3, Pl. 1) attributed to the early Tuvalian age 155
(Mazza et al. 2010, Mazza et al. 2011). Furthermore, the ammonoid Shastites cf. pilari has156
been found below the Lagazuoi Mb, in the nodular limestone corresponding to the upper 157
portion of the Dibona Sandstone Mb of the Heiligkreuz Fm. (Gianolla et al. 1998, De 158
Zanche et al. 2000, Gattolin et al. 2015).159
160
4. Paleomagnetism161
4.1 Sampling and laboratory methods162
A total of 63 oriented paleomagnetic core samples (~10cc) have been collected from the 163
Pignola-2 section, 55 from limestones beds and 8 from the radiolaritic intervals within the 164
“green horizon”, with a stratigraphic interval of approximately 0.5 m (Fig. 2). The clayey 165
intervals of the “green horizon” have not been sampled because they are both too thin and166
chipped. From the Dibona section a total of 45 cores have been collected from the upper 167
Borca Mb. to the base of the Lagazuoi Mb. (Heiligkreuz Fm.), and 36 samples from the 168
Travenanzes Fm. To isolate the ChRM, all samples have been thermally demagnetized 169
(with an ASC TD48 furnace, residual field < 10 nT) and measured with a 2G Enterprises 170
DC-SQUID magnetometer (magnetic moment noise level <10-12 Am2) at the Alpine 171
Laboratory of Paleomagnetism – ALP (Peveragno, Italy). Samples have been demagnetized 172
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by steps of 50°C from 100°C to 350°C, then 25°C until 675°C. Single sample directions of 173
the magnetization vectors have been plotted on an end-point vector graph (Zijderveld 1967)174
for each step of demagnetization (Fig. 4). Samples showing magnetization components 175
made of less than three end-points in sequence (representing three subsequent temperature 176
steps) have been rejected.177
The low-field magnetic susceptibility (N) was measured with a AGICO Kappabridge KLY-178
3 instrument (sensitivity: 2×10-8 SI; at the ALP, Peveragno) for all samples. Further, to 179
support the paleomagnetic interpretation, thermomagnetic runs were performed on a 180
modified horizontal translation Curie balance (paleomagnetic laboratory ‘Fort Hoofddijk’, 181
Utrecht University, The Netherlands; noise level 5x10-9 Am2, typical signals at least an 182
order of magnitude higher; Mullender et al. 1993) for a subset of the samples. About 70-80 183
mg of powdered sample was measured in several cycles to increasingly higher temperature 184
up to 670°C; the field was cycled between 100 and 300 mT, heating and cooling rates were 185
10°C/minute. Measurements were performed in air. Three samples from the Pignola-2186
section were investigated and 6 from the Dibona section (3 from the Heiligkreuz Fm. and 187
3 from the Travenanzes Fm.).188
Samples PGM0.30, RAD4 and PGM14.64 from the Pignola-2 section and samples 189
MDS12.4, MDS29.1 and MDS52.3 from the Dibona section have been analyzed using the 190
Curie balance. 191
192
4.2 Magnetic properties 193
The limestones of the Pignola-2 section reveal a very low N, usually smaller than 5×10-6 SI 194
(Fig. 2). In the “green horizon” the initial magnetic susceptibility is considerably higher195
(from ~70×10-6 to ~110×10-6 SI) than in the rest of the sampled interval, due to an increase 196
of the terrigenous fraction (Fig. 3). Interestingly, magnetic susceptibility is high (from 197
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25×10-6 to 55×10-6 SI) also in the carbonatic strata delimiting the “green horizon” (~1 or 2198
meters above and below), indicating a significant siliciclastic component we associate to 199
the CPE.200
The Curie balance results are shown in Fig. 5 and the stratigraphic position of the sample 201
is in Fig. 3. The limestones of the Pignola-2 section (PGM0.30 and 14.64; Fig. 5A, 5C) are 202
very weak, only slightly above instrumental noise level. Nonetheless there seems to be a 203
marginally convex magnetization vs. temperature behavior between ~100-200 and ~450-204
500°C, that is reversible on intermittent cooling. The final cooling segment from 600°C 205
back to room temperature, however, does not reveal that behavior. It is difficult to interpret 206
this behavior that may be associated with titanomagnetite (sensu lato) with a varying Ti-207
content. However, a minute amount of magnetic sulfides cannot be excluded with certainty. 208
The “green horizon” sample RAD4 (Fig. 5B) is much stronger (but still weak, it remains a 209
sediment) and shows a Curie point (determined by the two-tangent method, Grommé et al.210
1969) of ~350°C that is reversible on cooling after the final heating temperature of 600°C.211
The Dibona Sandstones Mb samples (MDS12.4, Fig. 5D; MDS29.1, Fig. 5E; MDS52.3,212
Fig. 5F; stratigraphic position in Fig. 3) from the Dibona section all show a variable portion 213
of non-magnetic pyrite (FeS2) that is oxidized during the thermomagnetic analysis, first to 214
magnetite and finally to hematite, explaining the occasionally huge increase in 215
magnetization between 400 and 600°C. There are no indications for magnetic sulfides 216
below 400°C since the analysis shows reversible heating and cooling segments in that 217
temperature range and no Curie temperature of ~320°C. Plausibly traces of magnetite 218
represent the original magnetic mineralogy but it is impossible to discriminate between left 219
overs of neo-formed magnetite (most of it oxidizes further to hematite) and original 220
magnetite. The three samples from the Travenanzes Fm (MTV9, Fig. 5G; MTV52, Fig. 221
5H; MTV67, Fig. 5I; stratigraphic position in Fig. 3) are all very weak demonstrating 222
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paramagnetic behavior only. During the heating above 600°C a minute amount of magnetic 223
minerals (presumably fine-grained magnetite) is formed because the final cooling curves 224





The mean intensity of the starting NRM is ~0.02 mA/m in the pelagic carbonates, ~0.06 230
mA/m in the radiolarites of the “green horizon”, and ~0.2 mA/m in the carbonatic levels 231
just above the “green horizon”. Vector end-point demagnetization diagrams (Fig. 4A; 232
Zijderveld 1967) reveal the presence of spurious (viscous) magnetic components from 233
room temperature to 250-300°C; at higher temperatures the characteristic component 234
remanent magnetization (ChRM) direction is isolated (Fig. 4A). The demagnetization 235
trajectory trends toward the origin up to a maximum temperature of 675°C. This behavior 236
is observed in 47 samples. Equal area stereographic projections reveal that the ChRM is 237
bipolar being oriented north-and-down or south-and-up in in situ coordinates, and238
northwest-and-down or southeast-and-up after correction for bedding tilt (Fig. 6). The239
mean direction in tilt-corrected coordinates, calculated with standard Fisher statistics, is of240
Dec: 28.4°E; Inc: 39.6° (k=23.9; D95=4.3°; N = 47; Table 2). No fold test could be241
performed because the bedding attitude trough the section is essentially the same. The 242
reversals test (McFadden and McElhinny 1990) is positive, suggesting that the ChRM is 243
the original magnetization acquired during or shortly after deposition. The mean directions 244
in in situ coordinates (Dec: 353.5°E; Inc: 59.7°; k: 24.1; D95: 4.3°) are similar to the 245
inclination of the geomagnetic axial dipole (GAD Inc: ~59.8°), so we cannot exclude some 246
contamination of the ChRM by VRM for normal polarity components. The latitudes of the 247
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Virtual Geomagnetic Poles, derived from the ChRM directions, provided a sequence of 12248
magnetic polarity reversals defining 12 magnetozones labeled from MP1n to MP6r (Fig. 249




The mean intensity of the samples from the Heiligkreuz Fm. is ~0.04 mA/m and in the 254
Travenanzes Fm. is ~0.05 mA/m. The vector end-point diagrams (Fig. 4B; Zijderveld 1967) 255
reveal the ChRM between 200°C and 550°C in 25 of 45 samples of the Heiligkreuz Fm.256
(named MDS), and between 150°C and 400°C in 18 of 36 samples from the Travenanzes 257
Fm (named MTV). The diagrams shows both north-down and south-up directions,258
sometimes scattered (Fig. 4B) (typical MAD: ~11). The equal-area stereographic projection 259
reveal fairly scattered directions (Fig. 6), failing the reversals test (McFadden and 260
McElhinny 1990). As for the Pignola-2 section, also here fold test cannot be performed due 261
to homoclinality of the succession. The sequence of VGPs of the Dibona section shows 262
nine magnetozones labeled MD, where MD1r, 2r and 4r are rather uncertain (grey intervals, 263






5.1 Correlations between Tethyan sections270
The Pignola-2 section is correlated with other coeval Tethyan sections from the literature271
containing conodonts to obtain a complete magneto-biostratigraphic record for the Carnian 272
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Stage (Fig. 7). The upper part of the Pignola-2 magnetostratigraphy (magnetozones MP2n 273
to MP3r) is considered correlative to the basal portion of the Silická Brezová section (up 274
to SB2r) (Channel et al. 2003) and the Pizzo Mondello section (up to PM2r) (Muttoni et al.275
2004), whereas the entire Pignola-2 section is comparable with the Guri Zi section in 276
Albania (up to GZ5r) (Muttoni et al. 2005, 2014) (Fig. 7). The conodont biostratigraphy of 277
Silická Brezová has been updated in this study by reclassifying the taxa illustrated in Figs.278
A1-A3 in Channell et al. (2003), using the new taxonomic criteria illustrated in Mazza et 279
al. (2010, 2011, 2012a,b) (Fig. 7).280
The magnetostratigraphy of the Dibona section straddling the Dibona Sandstones Mb. of 281
the Heiligkreuz Fm. should be partially coeval with the magnetostratigraphy across the 282
“green horizon” in the Pignola-2 section, as suggested by the first occurrence of conodont 283
Metapolygnathus praecommunisti (Figs. 3, 7). Consequently, magnetozones MD1n-1r-2n-284
2r-3n at Dibona have been correlated to Pignola-2 magnetozones MP4n-4r-5n-5r-6n,285
respectively. Based on the first occurrence of M. praecommunisti, magnetozone MD3n is 286
considered coeval to magnetozone SB2n at Silická Brezová and PM2n at Pizzo Mondello 287
(Fig. 7).288
The correlation between Pignola-2 and Dibona sections implies that the onset of the CPE 289
at Dibona should fall in the lower part of the Heiligkreuz Fm. (basal Borca Mb, as suggested 290
by Dal Corso et al., 2012) and its acme is reasonably represented by the terrigenous-rich 291
levels of the Dibona Sandstone Mb (Fig. 3). The absence of strong biostratigraphic 292
constraints does not allow a solid magnetostratigraphic correlation between the upper 293
Dibona section and other Tethyan sections.294
295
5.2 Correlation with the Newark APTS296
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The Pignola-2 magnetostratigraphy has been compared with the Newark APTS (Kent and 297
Olsen 1999; see also Olsen et al. 2015) and then been exploited also in Olsen et al. (2015)298
using the statistical approach described in Muttoni et al. (2004) and Maron et al. (2015).299
The radiometric age of 230.91±0.33 Ma from the Aglianico ash-bed (Furin et al. 2006),300
comprised within the Pignola-2 magnetozone MP4r, has been taken into account for the 301
correlation. The Dibona section was not considered for statistical correlation with the 302
Newark APTS because of the unreliability of its magnetostratigraphy, due the variable 303
sedimentation rate typical of shallow-water environments.304
We compared the thickness of the Pignola-2 magnetozones with the duration of the 305
magnetozones in the Newark APTS, testing the magnetostratigraphy of Pignola-2 along the 306
APTS and obtaining 24 possible correlation options (Fig. 8). The interval of unknown307
polarity within the Pignola-2 “green horizon” is tentatively interpreted as dominated by308
normal polarity.309
Each correlation is analyzed using linear regression, obtaining 24 t-test values; the higher 310
the t-value, the more reliable the correlation. Only options 1, 2 and 24 pass the 95%311
confidence level threshold (Fig. 8). Option 24 is not considered because it is inconsistent312
with the U/Pb radiometric age of 230.91±0.33 Ma from the “green horizon” (Furin et al.313




 High t-value (~2.7).318
 The radiometric age of Pignola-2 fits more closely (0.6 M.y. older) with the age 319
provided by the Newark APTS for the equivalent stratigraphic level (Fig. 9).320
13
 Fits with the correlation of Pizzo Mondello and the APTS. Specifically,321
magnetozones MP4r and MP5n of Pignola-2 are correlated respectively to E5r and 322
E6n in Newark, as well as to the PM1r and PM2n in Pizzo Mondello. PMr1 and 323




 High t-value (~3.1)328
 The correlation with the Newark APTS leads to a 0.9 M.y. discrepancy between the 329
radiometric age of Pignola-2 and the age of the APTS (Fig. 9).330
 This option does not fit with the previous correlation between Pizzo Mondello and 331
the Newark APTS (Muttoni et al. 2004).332
333
Option 1 implies only a minor discrepancy between the Pignola-2 U/Pb age and the Newark 334
astrochronology, considering that in the lower Stockton Fm astrochronology is extrapolated 335
from the upper Stockton and Lockatong Fms, where the 404 kyr McLaughlin cycles are 336
better expressed (Kent and Olsen 1999, Olsen and Kent 1999). Moreover, Option 1 is337
coherent with previous correlations from the literature (Pizzo Mondello; Muttoni et al.338
2004) and is preferred over Option 2.339
We derived an age model from Option 1 that reveals a complex pattern of sedimentation 340
rate along the Pignola-2 section (Fig. 10). In the cherty limestones, the sedimentation rate 341
is mostly constant, except for a decrease just below and above the “green horizon”. In the342
“green horizon” the sedimentation rate increases, probably due to an enhanced runoff of 343
siliciclastic sediments from the continent caused by increased rainfall and weathering, in 344
consequence of the intensification of the humid conditions at the CPE.345
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The age model derived from Option 1 (Fig. 10) suggests an age of ~230.7 Ma for the 346
Julian/Tuvalian boundary, approximated in Pignola-2 by the LO of conodont 347
Gladigondolella spp.. Assuming a Carnian/Norian boundary at ~227 Ma (Muttoni et al.348
2004) and a Ladinian/Carnian boundary at ~237 Ma (Mietto et al, 2012), the Julian should 349
be ~6.3 My-long and the Tuvalian ~3.7 My-long. Assuming the magnetic susceptibility 350
anomaly in Pignola-2 (covering the “green horizon” and the closest limestone beds) as 351
expression of the CPE, its duration was about 1 My.352
353
6. Conclusions354
The paleomagnetic analyses of the Carnian sections of Pignola-2 (Southern Apennines, 355
Italy) and Dibona (Dolomites, Italy) provided respectively a sequence of 12 and 8356
magnetozones.357
The correlation with other Tethyan sections of the same time interval (Pizzo Mondello, 358
Silická Brezová, Guri Zi) reveals a virtually continuous magnetostratigraphic record for the 359
Carnian, constrained by a radiometric age of 230.91r0.33 Ma.360
Using a statistical approach, we performed a correlation between the Pignola-2 section and 361
the Newark APTS that led to three statistically relevant options. Only two of them (Options362
1 and 2) appear to be broadly consistent with both the radiometric age of the Pignola-2 ash-363
layer and their correlative ages in the Newark APTS. Although Option 2 was statistically364
slightly more robust, Option 1 is provisionally preferred as it shows the highest matching 365
between radiometric and astrochonologic age estimates of the Pignola-2 ash-layer and does 366
not violate the correlation between the Newark APTS and the Pizzo Mondello section as 367
proposed by Muttoni et al (2004) using the same statistical method adopted in this study.368
Ages of the main events of the Pignola-2 and Dibona sections were calculated using a 369
model derived from Option 1. The level containing the Julian/Tuvalian boundary defined 370
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by conodonts is now calibrated at ~230.7 Ma, and the levels attributed to the Carnian 371
Pluvial Event should have deposited between ~229.7 and 230.7 Ma.372
373
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9. Figure captions, Table captions530
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Figure 1: The Pignola-2 section (coord.: Lat: 40°32'51.44"N, Long: 15°47'17.43"E) is 532
located in the Southern Apennines, near Potenza (Southern Italy). The outcrop is 533
along the main road connecting Pignola to Abriola, on the southern side of the Mt 534
Crocetta. The Dibona section (coord.: Lat: 46°32'2.50"N, Long: 12°04'21.68"E) is 535
located in the Dolomites, near Cortina d’Ampezzo (Belluno, Northern Italy). The 536
outcrop is on the southern side of the Tofane di Rozes. Pignola-2 and Dibona 537
sections were located in central Tethys during the Late Triassic.538
Figure 2: The Pignola-2 section. From left to right: lithostratigraphy, conodonts and 539
palynomorphs biostratigraphy, Virtual Geomagnetic Pole (VGP) latitudes (from 540
ChRM directions), magnetostratigraphy and magnetic susceptibility. In the 541
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magnetostratigraphy, black is normal polarity and white is reversed polarity. A total 542
of 6 magnetozones have been identified, with a 5 meters interval of unknown 543
polarity (grey shading) corresponding to the shales of the green clay-radiolaritic 544
horizon (that could not be sampled). The U/Pb radiometric age of 230.91±0.33 Ma 545
(Furin et al. 2006) comes from an ash-bed inside the green clay-radiolaritic horizon. 546
Anomaly in the magnetic susceptibility around the “green horizon” represents the 547
Carnian Pluvial Event in basinal environment (light-grey shaded interval).548
Figure 3: The Dibona section. From left to right: lithostratigraphy of the investigated 549
portion, palynomorph and conodont biostratigraphy, magnetostratigraphy, Virtual 550
Geomagnetic Pole (VGP) latitudes (from ChRM directions), magnetic 551
susceptibility and lithostratigraphy of the whole Dibona section. In the 552
magnetostratigraphy, black is normal polarity and white is reversed polarity. In the 553
lower panel is the Dibona Sandstone Mb (Heiligkreuz Fm) site and in the upper 554
panel is the Travenanzes Fm site. A total of 8 magnetozones have been identified, 555
5 from the Dibona Sandstones and 3 from the Travenanzes Fm. The large portion 556
of unknown polarity (grey shading) in the Travenanzes portion is due to sparse 557
seemingly robust paleomagnetic data (only three menaingful VGP points). 558
Extension of the Carnian Pluvial Event is illustrated with the grey shaded area in 559
the whole Dibona section lithostratigtaphy (on the right).560
Figure 4: Vector end-point demagnetization diagrams (Zijderveld 1967) of the Pignola-2561
section (panel A) and the Dibona section (panel B). Open circles are projections562
onto the vertical plane, and closed circle are projections onto the horizontal plane 563
for in situ (geographic) coordinates.564
Figure 5: Thermomagnetic curves determined with a Curie balance of samples PGM 565
(Pignola-2, Calcari con Selce Fm; panels A, C), RAD (Pignola-2, Green clay-566
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radiolaritic horizon; panel B), MDS (Dibona, Heiligkreuz Fm; panels D, E, F), and 567
MTV (Dibona, Travenanzes Fm; panels G, H, I). The PGM samples of Pignola-2568
reveal a mixture of different minerals, including magnetite, in the cherty limestones, 569
whereas in the green horizon (RAD sample) there is an increase in more Ti-rich 570
magnetite. Samples MDS from the Heiligkreuz Fm in the Dibona section show a 571
magnetization increase above 400-450°C, coherent with the reaction of pyrite to572
magnetite.573
Figure 6: Equal area projections for ChRM (characteristic remanent magnetization) of the 574
Pignola-2 (upper panel) and Dibona (lower panel).575
Figure 7: Correlations between Tethyan sections of Late Triassic and their calibration with 576
the Newark Astrochronological Polarity Time Scale (APTS). The Norian to 577
Rhaetian calibration and correlations are after Maron et al. (2015). All correlations 578
between Tethyan sections are based on integrated conodont bio-579
magnetostratigraphy. Biostratigraphy of Silická Brezová has been updated after 580
Mazza et al. (2010, 2011, 2012a,b). Pignola-2 provides a chronological tie point 581
with the Newark APTS (U/Pb age of 230.91±0.33 Ma; Furin et al., 2006) and part582
of the Dibona magnetostratigraphy (MD1n) covers the missing interval in Pignola-583
2. Correlation between Pignola-2 and the Newark APTS based on the statistical 584
method of Muttoni et al. (2004) and Maron et al. (2015).585
Figure 8: Sequence of 24 correlation options between the Pignola-2 section and the Newark 586
APTS. Dark grey bars indicate the correlations that are reliable at the 90%, black 587
bars are the correlations reliable at the 95%. Only three options are reliable at 95%: 588
Options 1, 2 and 24. Option 24 was rejected because being inconsistent with the age 589
of Pignola-2, while Options 1 and 2 both covers an interval consistent with the 590
radiometric age of 230.91 Ma. In particular, preferred Option 1 is perfectly coherent 591
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with the time constraint in Pignola-2 and with the previous correlation between 592
Pizzo Mondello section and the Newark APTS (Muttoni et al. 2004), performed 593
using the same statistical method.594
Figure 9: Comparison between Option 1 and Option 2. Both Options 1 and 2 show a 595
discrepancy between the radiometric age of 230.91 (Furin et al. 2006) and the 596
corresponding level in the Newark APTS. In Option 1 is the age discrepancy (0.6 597
M.y.) is smaller than in Option 2 (0.9 M.y.). A possible cause of this age discrepancy 598
is the absence of astronomic cycles recorded below E8n, and the age is presumed 599
assuming sedimentation rates similar to the upper Lockatong Formation (Olsen and 600
Kent 1999).601
Figure 10: Age model based on Option 1. The inclination of the trend lines of the plot 602
reflects the sedimentation rates, which decrease just after and before the “green 603
clay-radiolaritic horizon”. The model provides an age of ~230.7 Ma for the 604
Julian/Tuvalian boundary and a duration of ~1 M.y. for the Carnian Pluvial Event.605
Plate 1: Conodonts from samples DIN2 and DIN6. The fauna illustrated in the plate 606
includes Paragondolella polygnathiformis, Paragondolella noah, transitional 607
forms from P. noah to Metapolygnathus praecommunisti and M. praecommunisti.608
The specimens of M. praecommunisti are basal, showing the accessorial node 609
behind the cusp, the posterior prolongation of the keel and a quite centrally located 610
pit, but no nodes on the anterior platform margins. The occurrence of basal 611
representatives of this species in sample DIN6, together with advanced P. noah,612
suggests a lower Tuvalian age (Mazza et al. 2011; Mazza et al. 2012a). 1: 613
Paragondolella polygnathiformis (Budurov and Stefanov 1965) (DIN2); 1c: the 614
blade of the specimen got broken; 2: Paragondolella noah (Hayashi 1968)615
transitional to Metapolygnathus praecommunisti Mazza, Rigo and Nicora 2011616
25
(DIN6); 3: Metapolygnathus cf. praecommunisti (DIN6) Figs b-c: the blade 617
termination got broken; 4: Metapolygnathus cf. praecommunisti (DIN6); 5-7: 618
Metapolygnathus praecommunisti (DIN6). a: view from above; b: lateral view; c: 619
view from below. All the conodonts are at the same scale.620
Table 1: Mean directions from Pignola-2 and Dibona.621
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Temperature ( Celsius )
MDS52.3----TOTAL
Field: 100 - 300 mT. 10/ 10 T/min. Weight:  .0783. Max. temp.:  150
0.00
0.01










Temperature ( Celsius )
MTV9----TOTAL
Field: 100 - 300 mT. 10/ 10 T/min. Weight:  .0923. Max. temp.:  150
0.00
0.01










Temperature ( Celsius )
MTV52----TOTAL
Field: 100 - 300 mT. 10/ 10 T/min. Weight:  .1. Max. temp.:  150
0.00
0.01










Temperature ( Celsius )
MTV67----TOTAL
Field: 100 - 300 mT. 10/ 10 T/min. Weight:  .0882. Max. temp.:  150
0.00
0.01

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(Hüsing et al. 2011)
(Hüsing et al. 2011)
(Gallet et al. 2007)
(Muttoni et al. 2010)
(Muttoni et al. 2010)
(Maron et al. 2015)
Silická Brezová
(Slovakia)
(Channell et al. 2003)
(Muttoni et al. 2004)
(Muttoni et al. 2005, 2014)
(Kent and Olsen 1999,














































































































































































































































































































































































































































































































































































































(Furin et al. 2006)
230.91±0.33 Ma

















           IN SITU     TILT-CORRECTED 
 Site      Comp.       N           k     α95        Dec.         Inc.                  k     α95        Dec.       Inc. 
Pignola-2         ChRM       47         24.1   4.3°  353.5°E 59.7°           23.9    4.3°     28.4°E 39.6°  
Dibona             ChRM       46          4.2   11.8°  350.5°E 33.9° 4.2    11.8° 10.2°E 41.4° 
LEGEND 
Comp.: paleomagnetic component       N: number of samples       k, α95 : Fisher statistics parameters  Dec.: mean declination
    
Inc.: mean inclination
 
TABLE 1. PALEOMAGNETIC DIRECTIONS FROM PIGNOLA-2 AND DIBONA SECTIONS  
